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Factors Affecting Yield and Nutritional
Quality of Crested Wheatgrass
H. F. May land
ABSTRACT:	 This paper reviews the literature on
factors affecting the yield and nutritional value of
created	 wheatgrass	 (Amicaamml	 szlatatme.
A. Marta= or A. los111). The ligcnnjanna are
cool-season perennial bunch granges that are grown
in the western United States and Canada where annual
precipitation ranges from 9 to 18 inches (230 to
460 mm) and forage yield ranges from 400 to 3000
pounds of dry matter per acre (450 to 3360 kg/ha).
Forage production in the northern Great 	 Plains is
beat correlated with April to June precipitation
whereas in the area west of the Rooky Hounteins pro-
duction is beat correlated with total 	 autumn to
spring precipitation.
Yields are responsive to applications of 20 to
30 pounds of nitrogen per acre (22 to 34 kg/ha) in
areas receiving at leant 12 inches of precipitation
(300 mm).	 Early forage growth is stimulated by
fertilizer nitrogen, thereby advancing the grazing
period by ea much as two weeks. Yield responses to
phosphorus	 fertilization	 are frequently measured
when soil	 moisture and nitrogen are adequate.
Sulfur deficiencies occur in some soils in the
Pacific Northwest and yield responses	 to sulfur
fertilization may be obtained under conditions where
nitrogen and moisture are adequate for 	 additional
plant growth.
Digestible nutrients in the forage are high and
adequate for growing yearlings, oow-calf, and aw-
l:tab pairs during the green feed period, but decline
rapidly as the forage matures. Chemical curing at
flowering	 time, interseeding with legumes, or
supplementing the protein-energy requirements of
'rasing livestock have been used to counter the
forage quality deficiencies in maturing crested
wheats/sane. Grazing nyatems that utilize created
whmagrass	 in spring, native range in summer, and
Russian wildrye grass (Pvathvrrontsonve juncos) in
late summer and autumn have been aucoessful in
maintaining high daily gains for beef production in
the northern Groat Plains. Animal health problems
deters associated with, but not limited to grazing
crested wheatgras n include silicosis, white muscle
disease, grass tetany, and marginal zinc deficiency.
Mayland is a Research Soil Scientist, USDA
Agricultural Research Service, Snake River Conserva-
tion Research Center, Kimberly, Idaho.
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INTRODUCTION
Crested wheatgrass is composed of several cool-
season, perennial, bunchgrasa species taxonomically
identified as AtronvroA cristamm, A. Amettacma or
A. _fragile (Dewey 1983). It was successfully
introduced into North America in 1906 from Eurasia
(Westover et al. 1932, Dillman 1946, Richardson
it al. 1980 and Nagler and Lorenz 1983).	 It has
since been seeded on millions of acres	 in the
northern Great Plains, Intereountain, Great Basin,
Snake River, and Columbia Plateau regions 	 of the
United States and the prairie provinces of Canada
(Reynolds and Springfield 1953). Smoliek 	 it al.
(1981a) estimated that crested wheatgrasa had been
seeded on 2.5 million acres in Canada and Dewey and
Asay (1975) estimated 12 million acres of seedings
in the western United States.
There are a number of	 reasons why	 crested
wheatgrasa was planted so extensively. Land
managers discovered that the grass was an excellent
competitor with weeds when planted properly
(Pavlychenko 1942). For example, crested wheatgrass
was seeded in many areas to displace halogeton
(2a1ggatgn g/ropere,tus), a weed poisonous to sheep
(Frischknecht 1968a), and Russian thistle (; •l co l a.
/all), an alternate host to the auger but leaf-
hopper (CIT.nu)kror iggallug). This insect is a
carrier of the curly top virus that reduced produc-
tion of susceptible varieties of bean (namialma
vulgurfs), tomato (Lvconersicon pe► clectug) and
sugar beet (Alta vulgaris) (Douglass and Cook 1954).
Crested wheatgraas was also planted	 as an
alternative to cheatgrass (Brosus tectorum), a
winter annual that provides a very shoir-iiiiiiiifeed
period and is very flammable	 when mature (Hull and
Stewart 1948). Crested wheatgraas was seeded in
areas denuded by fire (Piemeisel at al. 1951) to
protect the soil from wind and water erosion. In
fact, many acres of farmland in the United States
and Canada were abandoned because of drought during
the 1930's and were later seeded with crested wheat-
grass to increase soil stability (Hubbard 1949).
First and foremost, however, crested wheatgrass
was seeded to increase the forage resources avail-
able to grazing livestock. This review examines the
factors affecting the yield and nutritional quality
of crested wheatgraas for domestic livestock. The
taxonomic classification by Dewey (1983) 	 is used
here. The genus jai:aim	 is confined to crested
wbeatgrass. Most of the other former Aeropyrons are
now classified in the Elvtriala, zinua, or
Zasaonvtga genera. The common names of plants used
in this review and their Latin binomials are listed
in the appendix. Values of annual precipitation are
drawn from the referenced sources, the 1941 Yearbook
of Agriculture (Kinser 1941), or World Weather
Records (U.S. Department of Commerce 1965).
FACTORS AFFECTING DRY MATTER YIELDS OF 	 CRESTED
WHEATORASS
Productivity Studies
Forage yield trials began within a few years
after crested wheatgrass was introduced to North
America. Results of early studies conducted on the
USDA Great Plains stations were summarized by
Westover et al. (1932) as listed in Table 1.
Table 1.--Average air dry forage yields of crested
wheatgrasa for given number of years and
precipitation at seven locations in the northern
Great Plains (Westover et al. 1932).
Location Years Rainfall Yield
Inches Pounds
per acre
Havre, MT 10 13.1 1600
Moccasin, MT 9 15.5 1900
Sheridan, WI 6 15.1 1917
Mandan, ND 15 15.2 1940
Archer, WY 13 15.9 1460
Redfield, SD 6 18.7 2140
Ardmore, SD 10 15.8 1910
In the prairie region of western Canada,
Hubbard (1949) measured an average dry matter yield
of 352 pounds per acre near Manyberries, Alberta,
with an average annual precipitation of only
11.3 inches. On areas receiving run-on water, dry
matter yields were 1660 pounds per acre. Areas in
Alberta and Saskatchewan with greater precipitation
have yield's similar to the latter amount. Amroovron
eristatm is better adapted to more *plat condi-
tions, while A. Amara= grows best in drier areas
(Smoliak and Bjorge 1981).
Much farther south Reynolds and Springfield
(1953) reported that crested wheatgrass was adapted
to moderately moist sites in the big sagebrush,
pinyon-Juniper, and ponderosa pine vegetational
types of northern New Mexico and Arizona, where it
produced 500 to 800 pounds per acre in pinyon
juniper, 900 to 1500 in big sagebrush, and 1100 to
1200 in the ponderosa pine type. After 1950, the
production potential of crested wheatgrasa was
evaluated in many areas of the western United States
and Canada and some of these results are shown in
Table 2. Average annual yields ranged from 400 up
to nearly 1900 pounds per acre in experiments that
were 3 to 13 years in length; the 13-year mean yield
in southeastern Idaho was 500 pounds.
The dry matter yields of created wheatgrass are
related to rate of growth, which is dependent upon
soil and climate parameters. Williams and Post
(1941) reported that crested vheatgreas was a valu-
able grass in the northern Great Plains because it
furnished two to three weeks earlier grazing than
did either native or breasegrass pastures. Sharp
(1970) reported the daily rate of growth (air dry
pounds per acre per day) during 1967 at Point
Springs, Idaho as follows:
Late March - Mid-April 3.6
Mid-April	 - Late April 6.8
Late April - Mid-May 7.1
Mid-May	 - Late May 19.1
Late May	 - Mid-June 25.5
These rates when multiplied by 15 days per
interval give a mid-June dry matter yield of 930
pounds per acre, almost twice the 13-year mean yield
(Table 2) of 500 pounds. Precipitation during the
November through June period in 1967 was greater
than normal, 10.27 vs. 8.82 inches, explaining the
difference.
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Five reports (Table 3)	 compared yLelds of
various cultivars within the Agronvroa genus. With
either Norden or Standard used as a reference,
yields for the other cultivars ranged from 85 to
144% of the reference varieties. The wide range in
yield within the genus could be exploited to produce
high yielding or high quality forage plants. Others
(Coulman and Knowles 1974, Murphy 1942, and Schaff
et al. 1962) have arrived at similar conclusions.
Leah et al. (1984) and Vogel et al. (1984) screened
50 strains including 38 accessions (PI lines). They
were ranked for yield and In mil= dry matter
digestibility (IVDMD) using the Nebraska Index (NI):
Yield - 	 TVDND - i(IVDMD) NI = a(yield)	 a(IVDMD)
whereiimm the mean and a was the square root of
the error mean square in the F test for the
appropriate trait. Values of NI ranged from -4.0 to
+2.8, with the varieties Ruff (A. crintatia) and
Norden (1. deaertorue) scoring 2.49 and 2.08,
respectively. This indicates that good material is
already in use, but use opportunity may exist for
isprovenent.
Comparisons of created wheatgraas yields with
smooth brome (AMNIA UMW.) and slender wheatgrass
(MINNA Iltegbi0M0114) were aade by Reitz et al.
(1936) at Moccasin and Havre, Montana, with annual
precipitation of 15.5 and 13.1 inches, respectively.
Average yields over the 15 years at Moccasin
(14 years at Havre) in pounds of air-dry forage per
acre were:
11021181111 An=
Crested wheatgraas 1860 1660
Smooth brome 1780 1190
Slender wheatgraas 1770 1740
The ability of crested wheatgrass to maintain a
productive stand throughout the 14-year period
encouraged these investigators and others to further
evaluate this premising forage resource. Hyder and
Sneva (1963b) °capered the forage-yielding potential
of grasses grown in eastern Oregon in pounds of dry
matter per acre:
Standard crested wheatgrass 1650
P-27 Siberian wheatgrass 1450
Whiter beardless wheatgraas 1350
Alkar tall wheatgrass 1260
Toper pubescent wheatgrass 1190
Sherman big bluegrass 1110
Hull and Johnson (1955) summarized forage pro-
duction data from 28 studies conducted at
20 locations in the Ponderosa pine zone of Colorado.
Created wheatgrass was the best adapted species and
Russian wildrys (Psethvroatachve junoee) also did
well. Average yields at six locations were
1060 pounds per acre for crested wheatgrass and
634 pounds per acre for Russian wildrys.
Cooper and Hyder (1958) reported the seen
yields (12% moisture) of 11 grasses grown in a
5-year study at Squaw Butte, Oregon. These forage
yields are for eight created wheatgrass oultivara

























Hull (1972) reported that in southern Idaho
Fairway produced only 79 percent as such forage as
Standard. However, Fairway spread 112 percent
further and was grazed more uniformly than Standard.
He reported forage yields of Agropyrondesertorum 
and A. cristatum for 15 sites.
Row Spacing
The effect of row spacing on forage yield of-
created wheatgraas was studied in southern Idaho by
Hull (1948) and Hull and Holmgren (1964).	 Row
spacings of 6, 12, 18, and 24 inches produced
'Jailer forage yields, but the 6- and 12-inch
spacings gave better protection against soil erosion
and weed invasion, and produced a more palatable
forage.
Reitz et al. (1936) reported that 12-year
average forage yields were 1770 pounds per acre from
rows spaced 36 inches apart, but only 1300 pounds
per acre trot drilled rows 7 to 9 inches apart.	 The
36-inch rows were periodically cultivated which may
have stimulated production. During a 5-year study
at Squaw Butte, however, Ryder and Sneva (1963b) did
not measure any difference in yields when crested
wheatgress was planted in rows spaced 6, 12, 24, 36,
48, or 60 inches apart. It is probable that these
plots were not tilled. Hubbard (1949) also found
that after 12 years different row spacings (6, 12,
or 24 inches) had no effect on plant density or
yield.
McGinnis* (1970) seeded crested wheatgrass
during each of three years at 10, 20, or 30
seeds/foot in rows spaoed 6, 12, 18, 24, and 30
inches apart. Stand survival after 6 years was best
at the highest seeding rate. Forage yield was not
affected by seeding rate, but was highest is row*
spaced 12 to 18 inches apart and lowest in 30-inch
rows. Invasion by other perennial grasses was also
greatest at the widest spacing.	 Forage yields in












The effect	 of row spacing on forage yield was
also studied in southwestern Saskatchewan (Leyahon
et al. 1981).	 *Hayek° Russian wildrys, "Summit*
crested wheatgrass, and -Drylauder," a creeping
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7 Now the Lea A. Sharp Experimental Area.
a Senior author and year of publication.
3 Yellow sweet clover plus crested whastgrams.
6 May 15 yield plus regrowth harvested August 1.
Table 2.--Dry matter yield responses of orated wbeetgrass to fertilizer nitrogen and mixtures with legumes
at 19 locations in Canada sad the United States.
Location Reference 8
Total dry nattier yields for
Expt.	 Annual	 given levels of annually applied
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Inches --Pounds per 401411
Pincher ALB	 Lutwink	 77	 3	 1 17	 18706. 22510	 3520
Mandan ND	 Roglar	 69	 10	 3 15.4	 1680	 - 2760	 2440













Schultz	 82	 2	 -	 -
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CO	 MoGinnie&	 68	 6	 311	 630	 1070
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MT	 Blank	 68	 4	 14.9
Manzi	 14.7	
970	 -
MT	 Com	 64	 3	 3 14.1	 1330




&lift Current SAS	 Ciloher	 58	 4	 3 14.0	 700	 1200 1400	 2200
Goodwell
Tintia 3
OE	 Muffin,	 59	 13.4	 740	 -4UT	 Marstad	 83	 3	 13.0	 680	 -














76	 810 1200	 1190
550
1280
Tiwn Falls ID	 Hull	 74	 6	 9.3	 670
N. Central IT	 Eckert	 61	 4	 9	 620 aiso
1 Exclusive of August precipitation.
2 Fertilizer applied only once.
3 Mean annual precipitation during the study.
4 Includes data from D.L. Scarnecchis.
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Mean yields for 3 years at Black mountain Experimental Station, 18.6 lochs. annual. precipitating!' (Cornelius
and Williams 1961).
2 Mean yields for 2 years, 34.1 inches annual precipitation (Muffins at al. 1959).
3 Mean yields for 5 years at Squaw Butte Experiment Station, 11.3 inches annual precipitation (Cooper end
Ryder 1958).
Mean yield, for 4 years at Squaw Butte. Values in parentheses are forage yields achieved with 30 pounds
nitrogen per acre applied annually (Ryder and Soave 1961).
5 mean yields for 5 years at Sheridan and 4 years at Gillette, 13.1 and 14.4 Inches annual precipitation,
respectively (values in parentheses are for a second experiment (Richardson at al. 1980).
6 Maas yields for 2 years at Goodwall, 0C, 17.0 inches annual precipitation (Muffins it al. 1959). Tha value
shown bore for Standard was identified as Commercial by this reference.
1
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Table 4.--Been annual forage yields over five years
and three row spacings (Leyahon at al. 1981).
Yield for spacing, inches
Forage	 12	 24	 36





Drylander	 2250	 207 0	 2180
alfalfa, were seeded at 12-, 24-, and 36-inch row
spacings. Dry matter yields were generally 	 greater
for the 12-inch spacing the first year. 	 By the
second year, both grasses had greater production on
the wider spacings. By the fifth year, the yield
advantage had shifted to the 36-inch rows (Table 4).
In the fourth year, which received below normal pre-
cipitation, the dry matter yields were much greater
for the 36-inch spacing (Table 5). To explain the
benefit of the wider spacing, the authors argued
that "there is only enough moisture and nutrients
available for a limited amount of dry matter produc-
tion by a limited number of plants. • Apparently Boil
water is used sore efficiently under the 36-inch row
than under closer spacing (liloher 1961).
This concept	 is supported by spacing and
seeding rate studies at Fort	 Valley in	 northern
Arizona (Lavin and	 Springfield	 1955). The highest
forage fields were produced in the narrower spacings
during wet years and the wider spacings in dry
years.
Springfield (1965) conducted similar rate and
spacing studies near Tres Piedras, Hew Mexico. The
sits was a medium	 textured, rooky, shallow soil at
8500 teat elevation having 13 inches annual precipi
tation. The plots were seeded at 3 rates and 3 row
spacings in 1951, and grazed from 1953 until 1956.
The forage yields are shown 	 in Table 6. These
yields refloat a period of low rainfall from October
1955 to May 1956 dry enough to restrict growth at
all row spacings. Thus, the 12- to 18-inch row
spacing still seems best.
Forage yield responses to	 wider row spacings
have been noted in the northern Great Plains, but
not in the Great Basin, Snake River, or Columbia
Plateau regions (Soave and Rittenhouse 1976, Sims
1969). Perhaps the summer rainfall pattern and
somewhat higher 	 precipitation amounts	 in the
northern Great Plains develop the spacing response.
Sims (1969)	 examined the effect of stand
density on characteristics of wheatgraases	 in Utah.
He found that dense stands of crested vheatgraas,
tall Muster's. (F1vtr •ta1g oontiqg), intermediate
wheatgrass givteg4 4 JatBERMaii), and pubescent
wheatgrass	 latigaidu sap. bactuants)	 produced
more herbage per	 acre, had fewer and shorter seed
stalks, fewer	 viable seeds, narrower and 	 shorter
leaves, and a lower stes/leaf ratio than open
stands. More research is needed to identify the
contesting results of plant or row spacing between
the northern Great Plains and the Intermountain and
Snake River Plains.
Table 5.--Haan forage yield during year
three row spacings (Leyshon at al. 1981).
four at
Forage













Crested wheatgrass has been frequently seeded
in fields that have been fallowed one or more
seasons. The accumulation of mineralized soil
nitrogen and coil water may Nave boosted forage pro-
duction the first couple of years after seeding.
After the plants adjusted to current precipitation
and available nitrogen levels, yields often declined
with age.
Some researchers in the northern Great Plains
found that yields of old stands could be increased
by land scarification or renovation (Black 1968,
Houston 1957, Lorenz and Roller 1962, Lodge 1960,
and Stitt 1958) and nitrogen application. Smoliak
et al. (1967) examined 29- to 38-year old stands of
d. oriatatta and found that they consistently out-
yielded native mixed prairie vegetation by a ratio
ranging from 12.4 to 1.1. Soil analyses showed that
exhaustion of nitrogen was not a factor in the
persistence of stands.	 Crested wheatgrass had
become a permanent part of the vegetation and forage
yield was dependent mainly on current rainfall.
Lodge (1960) measured the effects of burning,
cultivation, and mowing on the yield of created
wheatgrass grown near Swift Current, Saskatchewan.
He noted that all treatments reduced yields the
first year and spring burning even longer. In the
long run, however, basal area was not affected by
any of the treatments. Rauzi at al. (1971) measured
yields for 5 years after light dialling or chiseling
on 16- or 24-inch centers at Archer and Gillette.
Forage yields were depressed the first year after
renovation and were not different from untreated
plots after that.
Table 6.--Nean annual forage yields of crested
wheatgrese planted in three row spacings (Lavin end
Springfield 1955).
Year Ootober-Kay	 Yield for spacing, inches
precipitation	 6	 12	 18
---- Pounds per acre
1956 33% of normal 50 55 53
1957 110% of normal 1090 1180 1210
1959 90% of normal 432 455 468
Mean 525 564 578
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Hull and lamp (1966) reported that created
wheatgrass was well adapted to southern Idaho, and
that during 7 to 14 years of production, it could
maintain itself and even spread. Ssoliak at al.
(1981b) reported that a stand seeded in 1928 at the
Manyberriea Research Station was still productive
after 50 years. Many of the seedings in the prairie
region of Canada remained as monocultures for 15 to
20 years. Native plants then began to invade, but
seldom made up core than 10 percent of the plant
density, and yield loss was negligible (Woman and
Heinrich' 1973). Dormaar at al. (1978) reported
that forage yields on 40 to 59 year-old stands still
out-yielded native range by 1.1 to 1.5 times.
Hubbard (1949) noted an average yield of 1675
pounds air-dry hay for 30 consecutive years at
Mandan. Because of experiences there and at Havre
and Swift Current, be suggested that moat stands
would yield well for 20 to 30 years. Other, have
felt that greeted wheatgrass stands would betame
decadent with age and encroaching shrubs and weeds
would further reduce productivity. Scarifying the
soil surface has been used to stimulate wheatgrass
stands, but little evidence exists that a net
improvement in forage yield is produced by this
treatment (Black 1968, Stitt 1958, Lorenz and Rosier
1962, Seika at al. 1963). Weed and shrub control
may be necessary and nitrogen fertilizer application
may be helpful in stimulating forage production
(Stauber et al. 1974). Forage yield response to
nitrogen fertilizer may be greater for new stands
than for old stands. Snare (1973b) found that 16
pounds of forage were produced per pound of nitrogen
on new stands, but only 8 pounds on old stands.
These findings might explain why Seamands and Lang
(1960) found that the most efficient yield per unit
of nitrogen applied to an old stand was 7 pounds of
forage per pound of nitrogen.
Prooipitation
Crested wheatgrass is grown in semiarid areas
of the United States and Canada. It is, therefore,
logical to assume that precipitation is the primary
factor limiting forage produotion (Sneva and Ryder
1962), and that production increases with additional
precipitation. However, the forage production data
for the 19 experimental sites of Tab'e 2 are not
well correlated with precipitation (r = .2). This
is probably due to large differences in the seasonal
distribution or *quality" of precipitation, in
addition to variability in soil fertility, tempera-
ture, etc.
Figure 1 illustrates the relative amount of
annual precipitation occurring in any month,
expressed as a percentage of total precipitation,
for a number of locations where crested wheatgrass
is grown. Areas east of the Rooky Mountains such as
Mandan, North Dakota, receive a majority of their
rainfall as summer storms. This rainfall pattern
tends to extend the green-feed period compared to
areas west of the Rocky Mountains. It also may
increase the yield response to nitrogen fertilizer.
Precipitation in the Great Basin, Snake River
Plateau, and Columbia Plateau primarily occurs
during winter and spring followed by a relatively
dry summer and fall season. The aubfigurea for
Ritzville, Washington and Austin, Nevada are
examples of this seasonal pattern. Precipitation in
the intermountain area may be evenly distributed
throughout the year as shown for the Benmore, Utah
site.
Experimental seeding' of crested wheatgrass and
other grass and legume forages have been made at
Susanville,	 California (Cornelius and Talbot 1955,
Cornelius and Williams 1961). Although at the
extreme western periphery of the Great Basin, this
area has a aediterranean type climate with very dry,
ears summer's. Long-term studies in this and similar
regions indicate that rbizomatcus wheatgrass types
(pubescent	 and intermediate wheatgrass) out-spread
and out-persist	 the bunch-type wheatgrasses
gaztaragglananctia and other non-rhizomatous
wheatgraes species now identified in the Flvtrieig
and R1yeus	 genera). The dry summers apparently
limit seed	 formation and establishment of new
crested wheatgrass plants (Graves at al. 1984).
Experimental seedings of crested wheatgrasa
have also been made at Perkins, Oklahoma (Muffins
et al. 1959). Forage yields were satisfactory the
first two years, but few plants remained in the
third and fourth year after establishment. The area
receives 34.1 inches ofannual precipitation, but
average January (37 oF, 3%) and July (8/F, 27°C)
temperatures are about 10 Fahrenheit degrees higher
than areas where the Aeronyrons persist. Warm
season grasses are more adapted to sites like this
and can outcompeto the Aaronvrons.
Forage yields of crested wheatgrass have been
predicted from soil moisture values or fro g precipi-
tation and temperature data. June forage production
in New Mexico averaged 980 pounds per acre over four
years, and was best predicted as:
I a 2031 - 368, (r2 2 .99)
where I was the January through May precipitation in
inches (Gray and Springfield 1962). The wheatgrass
yield of 980 pounds	 per acre compared with a yield
of only 114 pounds on native range.
Sharp (1970) reported that 70 to 80 percent of
the variability in annual production of crested
wheatgraes at Point Springs, in south central Idaho,
could be attributed to variation in the April to
June precipitation.	 In eastern Oregon, Sneva (1977)
found that	 spring	 yields were best predicted fro g
((rte:
	 temperature and March precipitation
 se .83). The best combination for predicting
mature yield was July (of the previous year) through
May precipitation plus mean March through May tem-
perature (r	 = .64).
Sneva and Ryder (1961, 1962) used an indexing
system to predict	 yield. They defined the yield
index (TI)	 for a given year as the actual yield
divided by the mean yield expressed as a percentage.
The precipitation index (PI) was defined in the same
way for the crop	 year (September 1 to June 30).
Regressing the II	 values against
2
 the PI values
produced the prediction equation (r = .77; z	 =7.x
18.4 pounds per acre).
	
II =	 1.11PI - 10.6
Soave and Britton (1983) reassessed the yield
relationship within the sagebrush-bunchgrasa zone in






Figure 1.--The quantity (inches/year) and distribution of precipitation for areas where crested
wheatgraas is grown. The bars from left to right represent relative January through December preci-
pitation, as a percentage of the total. Major watersheds and primary (cross hatched) and secondary
(diagonal lines) areas of crested wheatgraas distribution are illustrated.
California. This report increased the length of
record and extended the use of the precipitation
index (PI) and yield index (II) to additional sites.
A more direot approach was used by Power (1970)
and Power and Alessi (1970) who reported that the
growth of crested wheatgrass at Mandan was linearly
related to avail!ble moil water (Fig. 2). The yield
was described (r 2 .98) as:
I = 1901 - 990
where T was yield in pounds per acre and X was
inches of available soil water. A threefold
increase in yield occurred as available soil water
increased from 8 to 14 inches.
Love and Hanson (1932) reported that most roots
of crested wheatgraas were above 3 feet, but that
some extended to 8 feet (Fig. 3).
However, Brown at al. (1982) reported that crested
wheatgrasa used water	 from a 13-foot soil	 depth
compared with an average 20-foot depth for 10
alfalfa varieties. Soil conditions, plant
competition in mixed stands, and time when soil
water is being extracted are all factors that may
control water use and growth. Nevertheless, 2200 to
2500 pounds of dry matter per acre may be the yield
potential for the presently available lines of
crested vbeatgraaa.
Increasing soil water by snow-trapping or
run-on techniques has been used to increase forage
production. In the northern Great Plains, snow
moves laterally or horizontally, losing some of its
moisture by sublimation until it is finally trapped
in depressions, in standing vegetation, or on the
leeward side of snow barriers. Rauzi and Landers
(1982) evaluated 13 and 26-foot wide level benches
an snow catchment devices at Gillette, Wyoming. The
benches trapped more snow and increased soil water
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Figure 2.--Forage yields of control- and nitrogen-
fertilized crested wheatgress grown at Mandan, North
Dakota, as related to available moil water (Power
1970).
Figure 3.--The distribution of above and below
ground biomes of a flowering created wheatgrass
plant growing on a deep friable silt loam soil with
16 inches annual precipitation. Data are primarily
drawn from Hell and Klomp (1974) with additional
is:for:mace from Caldwell at al. (1981), Richards
(1984), and the author. The length and depth
increments are in inches.
by 12 to 20 inobes when compared to control areal,.
It is possible that this extra water percolated
below the root zone of crested wheatgraas plants
where it was available only to the deeply rooted
alfalfa. The average yields of the crops grown on
the two different benches were compared to those on
the control in pounds per acre:
Control Level Bench
Alfalfa 2590 3230
Created wheatgraas 2300 2240
Alfalfa plus crested
wheatgreas 2470 3310
Increasing the effectiveness of precipitation
is another way to improve forage production. Rauzi
(1968) compared yields on native undisturbed range-
land with areas that had been pitted, and with a
third area that was pitted and seeded. The areas
were grazed by sheep with the results shown in Table
7.
The review to this point has discussed the
relationship of dry matter yields of created wheat
grass to precipitation or soil moisture. Robertson
et al. (1970a) extended the value of precipitation
regressions by relating steer-weight gains to pre-
cipitation and temperature parameters of an area in
northeastern Nevada where annual precipitation was
16 inches. Animal gains were best predicte4 by the
November through June precipitation (r‘ = .53).
Other precipitation periods or temperature data
reduced the correlation values.
Nitrogen Fertilization
Forage yield responses to fertilizer nitrogen
are limited to a large extent by available soil
water. Power (1980a, 1980b) showed that the forage
yield of crested wheatgraas grown at Mandan, North
Dakota was linearly related to available soil water
Table 7.--Forage and lamp production on shortgrasa
native range (control), pitted or pitted pAns









Sheep days/acre 42 59 72
Lamb gain, lbw/head 52 49 52





Sheep days/acre 46 61 66
Lamb gain, lba/bead 56 52 51
Lamb gain, lbw/acre 31 36 40
1 Pitting removed a piece of soil 4 inches deep,
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Figure 4.--Forage production of crested wbeatgraas
with annual applications of ammonium nitrate at
Mandan, North Dakota (adapted from Power 1980a).
(Fig. 2), and that the yield response per increment
of water between 7 and 14 inches was greater when
nitrogen fertilizer was applied. Conversely, the
yield response per increment of nitrogen fertilizer
was greater at above-normal levels of soil water as
indicated by the yield of unfertilized plots
(Fig. 4).
The magnitude of the response to nitrogen
fertiliser on perennial grasslands was site speci-
fic, integrated over the capacity of the soil to
imOnillee nitrogen, the capacity of plants to take
up nitrogen, the nitrogen transformations active at
the site and, of course, the amount of available
soil water. These conclusions were supported by
cumulative yield responses of hromegrass, created
wheatgrass, and native grasses to cumulative nitro-
gen applications over a 5- to 6-year period on
several alt's (Power 1980a). The order of response
was least for native grasses, intermediate for
created wheatgrass and greatest for bromegrass at
Mandan. The yield responses of created wheatgrass
at two sites were predicted by:
I 12.951 - 0.0037/
2
 + 833 (r
2 = .90) and
7 s 11.791 - 0.003712 + 544 (r2 = .72)
where I was cumulative dry matter yield and I was
cumulative fertilizer nitrogen applied.
McOinnies (1968) reported yield data for the
Manitou Experimental Forest in Colorado, in response
to urea-nitrogen applied annually or biennially
(Fig. 5). The latter was twice the annual rate, but
vas treated as an annual equivalent for the
regression analysis. The regressions were:
I = 598 + 402 log N (ra = . 98)
I m 532 + 367 log N (r' 2 .89)
for annual and biennial treatments, respectively.
About 80 percent of maximum forage production was
achieved by applying 20 pounds of nitrogen per acre.
Biennial application of nitrogen at twice the amount
was less efficient than the annual application
Figure 5.--The forage yield of orested wheatgrass on
the Manitou Forest in Colorado in relation to annual
application of urea-nitrogen (adapted from McGinnies
1968).
(slopes are not equal, P .12), even though the
same amount of nitrogen was applied in both treat-
ments.
Lang and Landers (1968) summarized 10 years of
Wytming data and concluded that 20 pounds of nitro-
gen per acre was the most efficient level for
increasing crested wheatgrase forage production.
However, Fairbourn and 'Omni (1982) reported that 20
to 30 pounds of nitrogen per acre appeared too low
to effectively increase crested wheatgrass yields at
their site, and concluded that nitrogen was
immobilized in litter and soil.
Power and Legg (1984) followed nitrogen-15
recovery for five years after application as
ammonium nitrate to crested wheatgrass. Annual
forage yields varied as a function of available soil
water, and the nitrogen content was about 25 percent
greaterr than unfertilized plants. Cumula tive
recovery of nitrogen-15 in tops increased with time;
12 to 52 percent being recovered the first year
after application. After four seasons about 75
percent of the total initially applied nitrogen was
recovered. About 70 to 95 percent of the total was
accounted for in tops, roots, and soil.
Wight (1976) noted that water use efficiency
was increased by nitrogen fertilization and that
annual applications of 30 to 50 pounds of nitrogen
per acre doubled forage production and subsequent
beef production in the northern Great Plains. These
findings are supported by those of Williams
et al. (1979) in Kamloops. fiogler and Lorenz (1969)
reported that over a 10-year period, crested wheat-
grass forage production was increased by annual
applications of 40 and 80 pounds of nitrogen per
acre (Fig. 6). Beef production was increased with
the application of 40 pounds, but was not further
increased with the 80-pound rate. A mixed planting
of crested wheatgraas and alfalfa produced as such
forage and beef as crested wheatgraes fertilized

















Figure 6.--Ten-year mean production of forage and
beef on created wheatgrass fertilized annually with
	
nitrogen compared with	 a mixed medial; of crested
wheatgrass and Ladak alfalfa at Mandan, North Dakota
(adapted from Rogler and Lorenz 1969).
Bleak and Keller (1974) reported that the
benefit of applying nitrogen fertilizer to crested
wheatgrass grown near Logan, Utah was nil. Sneva
at al. (1958), however, reported that 20 pounds of
nitrogen per acre returned 25 pounds of forage for
each pound of nitrogen applied at Squaw Butte,
Oregon. Perhaps more important/y, they found that
nitrogen-fertilized created wbeatgraas initiated
growth earlier in the season and that the relative
amount of growth occurring prior to June 1 (as
percent of total yield at maturity) was nitrogen -







Miller (1960) reported that nitrogen-fertilized
plots near Fort Collins, Colorado were ready for
grazing 10 to 14 days sooner the first year but
that there was no difference the second year.
Forage /moisture concentrations were significantly
increased by nitrogen fertilizer at vegetative and
boot stages, but were unaffected at the dough stage.
Forage, seed yield, and crude protein concentration
were increased by nitrogen fertilization, but dates
of flowering and seed maturation were not affected.
In another fertilizer study near Fort Collins,
Hal et al. (1958) measured forage production
fertilized with 0 or 33 pounds per acre of nitrogen.
Air dry forage yields in pounds per acre were:
Crested wheatgrass 2160 3050
Fairway wheatgraas 1700 3100
Pubescent wheatgrass 1400 2680
Tall wheatgrass 3360 4280
Smooth brows, northern strain 960 1840
Smooth brae*, southern strain ,	 1700 2400
McCormick and Workman (1975) conducted an
economic analysis of the early range readiness of
crested wheatgrass produced by 25 to 30 pounds per
acre of nitrogen fertilizer. The study was based on
the Curlew National Grassland located north of
Snowville, Utah, and on the Benmore aeedings located
south of Vernon, Utah. Annual precipitation was 11
and 13 inches, respectively. They oaloulated that
in 1973 ranchers could have profitably substituted
nitrogen fertilizer for purchased hay. Their coats
included $0.12 per pound of nitrogen and $1.50 per
acre for application.
Sneva (1973a) showed that 30 pounds of nitrogen
per acre increased yields 375 pounds (583 lbs/acre
on control and 958 on fertilized). Costa were $8.00
and expected returns were $8.40. This was a very
simple analysis and did not consider proportion of
increased feed that might be lost to trampling, or
nutrient availability, or increased risk of grass
tetany. In 1984-1985, fertilizer nitrogen costs are
about $0.30 per pound and application costs are also
higher. Purchased feed costa are not greatly dif-
ferent. Expected profitability should be calculated
for each situation using figures appropriate for
that time and place.
Another economic analysis was conduoted at
Hooper, Washington with applications of 0 to 80
pounds of nitrogen per acre (Patterson and Youngman,
1960). They found that at this 13-inch precipita-
tion site the 5-year mean yields in pounds per acre







The most efficient yield response came with the 40
pound rate where 40.5 pounds of forage were produced
for each pound of nitrogen applied. However, moat
of this extra herbage was cheatgrass, an early
oompetitor for nutrients and water, particularly in
the Snake River and Columbia River Plateau regions
where normal precipitation is often less than
13 inches and winters are relatively mild (Eckert
and Evans 1963).
Ryder and Sneva (1961) reported 4-year mean
yield responses of various Aercnvros oultivars to
nitrogen fertilizer at 30 pounds per acre (Table 8).
IgENRZEgn =Lila ( Siberian wheatgrass) produced
more dry matter per pound of nitrogen fertilizer
than the other jjronyrona. This may be a genetically
controlled trait or simply a site-specific response.
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Sohlatterer (1974) reviewed the use of
fertilizers to increase production on rangelands.
For the Great Basin and Snake River Plateau be
oonoluded that:
1. Nitrogen consistently increased production, but
only in areas receiving more than 13 inches
annual precipitation.
2. Introduced grasses	 responded more to nitrogen
than did native species.
3. Residual fertilizer effects are usually limited
to less than three years on grazed ranges.
4. Cheatgr•ass responds more quickly than perennial
grasses to nitrogen fertilizer.
5. The high coats of nitrogen and of application,
lack of consistent year-to•year production
increases, and lack of long term residual
effects under grazed conditions raise serious
questions as to the economic practicality of
using nitrogen fertilizer.
Crested wheatgrass is grown extensively in the
northern and central Great Plains where summer-type
precipitation occurs	 (Fig. 1), and most areas
receive in excess of 13 inches precipitation. Tinder
these conditions, nitrogen fertilization to increase
forage production is a viable management option.
Phosphorus, Sulfur, and Trace Element Fertilization
As noted before, available water is the factor
most Uniting production. Available nitrogen say be
the second most limiting factor and phosphorus may
be the third (Thomas and °seam 1964). Available
soil phosphorus is generally adequate to support the
growth of crested wheatgrass in the absence of
fertilizer nitrogen. Power and Alessi (1970)
annually applied a series of nitrogen fertilizer
rates with and without fertilizer phosphorus to
crested wheatgrass grown at Mandan, North Dakota.
Over the 5-year period, dry matter yields averaged
380 pounds per acre for each inch of preoipitation
in excess of 5 inches. A greater response, 490
pounds, was measured when phosphorus was also
applied.
Table 8.--Forage yield and nitrogen use efficiency
for seven Agropyron cultivere (Ryder and Sneva
1961).
Yield when fertilized Nitrogen
at level of 	 use




Standard 752 1982 41
Mandan 571 873 1806 31
Nebraska 10 1002 1708 24
Utah 42.1 874 1792 31
ismarmatuarlAtatua
Fairway 780 1927 38
A-1770 756 1634 29
Table 9.--Spring and regrowth forage yields of
crested wheatgrass when fertilized with nitrogen or
nitrogen plus phosphorus (Segura 1962). 1
Fertilizer Spring growth Regrowth 	 Total
-------- Pounds per acre ---------
ON + OP 1470 590 2060
451 + OP 2390 1360 3750
901 + OP 2200 1250 3450
901 + 18P 2390 1780 4170
1 Nitrogen applied as ammonium nitrate and phosphorus
as treble superphosphate.
Phosphorus fertilizer has generally been
drilled into	 the soil. Yield inoreases of	 340
pounds per acre have been attributed to the scari-
fying action of the disc opener, on the drill (Black
1968, Saika et al. 1963).	 Nitrogen fertilizers are
sore water soluble than	 phosphorus sources and
readily move	 into the rooting zone. Thus maximum
yield responses to nitrogen often occur the first
year after application and	 decrease in subsequent
years as fertilizer N is immobilized. Maximum yield
responses to phosphorus, in the presence of adequate
moisture and nitrogen, however, say not occur until
the second or third year after application because
of the delay in movement of phosphorus into the root
zone (Stitt et al. 1955).
In a Colorado study, Segura (1962) reported
that surface applications of nitrogen and phosphorus
increased yields of crested wheatgrass (Table 9).
Some of theme values greatly emceed those reported
elsewhere in this review. Nevertheless they
illustrate that crested wheatgrass responded to the
first increment of nitrogen fertilizer (45 lbs), but
not to the second (90 lbs) unless accompanied by
phosphorus.
Smoliak et al. (1981) summarized crested wheat-
grass production for a 5-year period after a single
application of nitrogen or phosphorus at
Manyberries, Alberta. Yields were not affected by
phosphorus. Nitrogen increased yields the first
year and less with each succeeding year (Table 10).
Table /O.—Forage yields	 of crested wheatgrasa
following a	 single application of fertilizer
(Saoliak et al. 1981).
First	 Second	 Five year
Fertilizer	 year	 Year	 total 
-------- Pounds per acre -.nnnnnnnn
Check 240 240 1410
30P 240 250 1490
30N 510 310 1890
301 + 30P 510 320 1910
60N 650 380 2180
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At some sites crested wheatgrass yields did not
respond to phosphorus even when nitrogen was
applied.	 This suggests that resident soil
phosphorus was adequate to sustain growth under the
soil water and nitrogen. levels present at these
sites ( gilcher 1958, Read and Winkleman 1982).
Soil moisture, nitrogen, and phosphorus may
affect forage quality in addition to yield. Thomas
and Osenbrug (1964) reported that forage nitrogen
concentrations increased with nitrogen fertilization
and decreased with	 precipitation. Sulks et al.
(1960) demonstrated	 in a 7-year study her the
availability of soil nitrogen and phosphorus
affected quantity and quality of crested wheatgrass
(Fig. 7). Dry matter yields were increased with
each increase in fertilizer nitrogen up to the 90
pound per acre rate. Yields were only slightly
responsive to phosphorus fertilizer, but were
greater at the higher nitrogen rates. Crude protein
values increased with increasing fertilizer nitrogen
retie, but were not affected by fertilizer phos-
phorus levels. On the other hand, nitrogen promoted
growth, but not phosphorus uptake, thus diluting the
phosphorus	 concentration in the forage from a level
of .20 to .13 percent., which is low for some classes
of livestock. Phosphorus fertilization, while not
greatly affecting yield, did maintain the
concentration of phosphorus in the forage.
Many of the rangeland soils in the Paoific
Northwest were derived from volcanic materials.
Because selenium and sulfur are easily volatilized
it is common to encounter low concentrations of
these two elements in area forage crops, especially
legumes. Only sulfur is required by plants' in
significant quantities and it is not unusual to find
sulfur responses in	 crops grown in this area,
especially when fertilized with non-sulfur nitrogen
sources (Weatermann and Robbins 1974). Sneva and
Rittenhouse (1976) reported that adding sulfur to
nitrogen fertilizer caused spring yields of crested
wheatgrass to double when compared with yields from
unfertilized plots. Crested wheatgrass yields were
increased oa some but not all sites, only in some
years, and only when accompanied by nitrogen (Sneva
1978). The growth rate of crested wheatgrass is
dependent on soil factors, including the levels of
nitrogen and sulfur that must be mineralized from
Figure 7.--Seven-year mean forage production and
concentration of crude protein and phosphorus in
crested wheatgrass fertilized annually with ammonium
nitrate (N) or N plus treble superphosphate (P205 )
at Mandan, North Dakota (adapted from Smika et af.
1960).
organic forma. Activity in these transformations is
site dependent and may explain why forage yields are
only sometimes responsive to nitrogen, phosphorus,
and sulfur fertilization.
Crested wheatgrass is grown in	 semiarid areas
where soils are largely calcisols which means that
they have a high proportion of exchangeable calcium
and perhaps even free lime, and an alkaline to
neutral pH. These soils generally have adequate
potassium and magnesium for plant growth. Trace
mineral levels in these soils are generally adequate
(Eckert et al. 1961) and no trace element deficien-
cies have been identified with the 	 exception of
sulfur. There are many discussions	 of appropriate
plant tissue tests that can be conducted to
determine the adequacy of trace elements. Mayland
(1983) is only one of many that presents information
on critical nutrient ranges. Little directed
Progress will be made in the evaluation of
fertilizer responses until	 investigators utilize
soil and tissue testing to determine 	 the status of
nutrient availability in crested wheatgrass.
Forage Mixtures
In 1938, Stitt (1958) seeded 14 grasses and two
forage mixtures at the Central Montana Branch Sta-
tion at Moccasin. The seed mixtures contained the








Crested wheatgrass 	 2







These were planted in 7-inch rows and the next year
about half of the plants in alternate rows were
cultivated out. Good stands of blue vane, side-
oats grams, Sandberg bluegrass and western wheat-
grass were obtained the first year,	 but by 1941
these stands had been invaded by crested wheatgrass.
Indian ricegrass was seeded, but 	 not harvested,
because of thin stands. 	 By 1941, the forage
resulting from the first mixture contained 15
percent alfalfa and 85 percent crested wheatgrass;
while that Eros the second mixture contained 45
percent alfalfa and 55 percent crested wheatgrass.











Mixture No. 1 1680
Mixture No. 2 2040
LSD 5 % /60
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Table I1.--Total forage yield and percent composition of Harden created whoa tares@ (cwg) when seeded wi th














Pounds Pounds Pounds Pounds Pounds
per sore Percent per acre Percent per acre Percent per acre Percent per acre Percent
1977 1260 30 1230 58 1000 78 880 78 980 381978 2090 61 2170 55 2360 74 1640 67 2000 69
1979 3560 96 2830 91 3310 89 3540 77 2890 79
1980 3420 97 1590 85 2130 85 3640 64 2150 96
Only the number 2 mixture produced more than crested
wheatgrass. Ladak alfalfa made up a larger portion
of the forage in mixture 2 than in mixture 1, even
though seeded at one-fourth the rate.
In 1976, Schuman et al. (1982) seeded crested
wheatgrass with several other grasses at Cheyenne
where annual rainfall is nearly 16 inches. Created
wheatgresa became a strong dominant in all mixtures
by 1980, even though seeded at one-fourth the rate.
When seeded with slender wheatgrass, the stand
became essentially a pure stand of created wheat-
grass (Table 11). This was attributed to the
competitive nature of crested wheatgrass and the
short-lived nature of slender, even though the
latter is *sally established and initially quite
productive.
Johnson and Nichols (1969) planted 11 grasses
in monoculture stands with 0 or 100 pounds of nitro-
gen applied annually or as a 50:50 mixture with
alfalfa. The studies were conducted at Newell,
South Dakota where annual precipitation was 15.5
inches. Forage was harvested at anthesis of the
grasses during the fourth and fifth year after
establishment. Crude protein concentrations in the
grass (Table 12) were least in the unfertilized
stands, and were not different in the grass
fertilized with nitrogen or grown with alfalfa
(P <.05). Forage yields of crested wheatgrass in
pounds per acre were:
fertilized with various combinationa of nitrogen and
phosphorus. Yields at the June 26 	 harvest were
averaged across two years and all fertilizer treat-
ments in pounds per acre:
Alfalfa	 1650
Cicer	 1510
Alfalfa + Ruff	 2250
Cicer + Ruff 	 1950
The grass-legume mixtures out-yielded the legumes
when the latter were grown alone.
Legume persistence is often limiting under some
rangeland conditions. NoOinnies and Townsend (1983)
measured the persistence of sicklepod milkvetch,
Ladak 65 alfalfa, Kaki sainfoin, 	 and Penngift
orownvetch when seeded in alternate	 12-inch rows
with either Norden crested wheatgrass, Vinall
Russian wildrye, or Toper pubescent whestgrass. The
study was conducted near Fort Collins over a 7-year
period. Long term annual precipitation was 14.4
inches, but two droughty years occurred in the
middle of the study period. Crow:watch did not
survive the first winter and pubescent wheatgrass
gradually thinned out.	 Sainfoin	 declined and
disappeared by the sixth year.	 The authors
anticipated that pubescent wheatgrass would be
marginal, and concluded that sainfoin was probably a
Table 12.--Cruds protein concentrations in grass
fertilized with two levels of nitrogen or grown with
Crested wheatgrass	 2300
Crested + 100 lb N A	 6200
Crested + alfalfa 	 6350
filcher	 and	 Neinrichs	 (1958)	 evaluated	 the





productivity	 of	 Fairway	 crested	 wheatgrass grown
alone in pure stands	 with 30 pounds of nitrogen per Wheatgrass
Percent------ ----------
acre and	 in	 a	 mixture	 or	 in alternate rows with Crested 10.8 ad 13.9 f 12.8 of
alfalfa.	 Dry	 matter yields	 (lbe/acre)	 of	 these Tall 7.5 a 8.3 a
combinations when averaged over four years were: Intermediate 8.2 ab 10.0 bed 8.9 a
Slender 8.2 ab 8.5 ab 9.3 ab
Fairway + 305	 3120
Mixed Fairway + alfalfa 	 3720
















The	 increased yield of alternate row	 versus	 mixed Tall fescue 8.2 ab 11.1	 de 10.7 bed
stand was attributed to a greater legume yield. Meadow fescue 12.1	 n 12.0 de
Reed canarygrass 11.0:  :d 10.4 ode 11.8 ode
Schultz and Stubbendieck (1982) studied grass-
legume mixtures in a 16.5-inch precipitation area of
western Nebraska. Mixtures of (tuff crested
wheatgrase (Agropyron cristatua) and either alfalfa
or cicer teilkvetchP=galus cicer) were 
1 Means within the sane column not followed by the
sane letter are different (P <.05).
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short-lived species under rangeland conditions.
Alfalfa also declined beoause of drought and
depredation by pocket gophers except in the
pubescent wheatgrase :stand, where	 it was able to
compete more effeotively for available soil water.
The alternate-row	 planting of crested wheat-
grass and sicklepod silkvetch yielded well, as did
the Russian wildrye and aicklepod milkvetch
(Table 13).
Canadian researcher, at Lethbridge compared the
productivity and persistence of Eft' sainfoin and
Ladak alfalfa in pure and mixed stands subjected to
frequent clipping over five years (Hanna et
al. 1977). The legumes were grown alone or in
mixed- and alternate-row seedings with Norden
crested wbeatgrasa, Savki Russian wildrye, or
Greenleaf pubescent wheatgrass. Mixed-row seedings
out-yielded alternate-row seedinga in sainfoin-
Russian wildrye, alfalfa-created wheatgrass, and
alfalfa-pubescent wheatgreas associations as shown
in Table 14. Hanna and coworkers	 concluded that
sainfoin was a suitable alternative to alfalfa in
parts of the Canadian	 prairie region, but that
particular attention should be	 given to the
selection of companion species. Sainfoin longevity
there, in contrast to Fort Collins, must be
satisfactory.
Phosphorus fertilization often stimulates
legume yields while nitrogen fertilization stimu-
lates grass yields. However, fertilizer effects say
be different as shown below where a 450 pound per
acre yield response resulted when alfalfa was
fertilized with either 40 pounds of	 nitrogen or 20




ON + OP	 1380	 1770
40N + 20P	 1570	 2660
ON + 20P	 1840	 1980
40N + OP	 1820	 2610
Table 13.--ielatIrs 1 aaaaa eesposiii00 and yields of =ass and moss







--- Pigment --- Pamela per can
31041spod nilnweteb 13 19 2290 3850
Alfalfa 117 0 1630 2600
antatnin 46 o 1520 2920
Gross =IF. 60.40 POWS 2350 2390
areas only, 30-en POWS 2150 2150
%mien wildrre
Sionsped niin►etab 34 18 1580 3140
alfalfa 72 0 1730 3050
20Inf010 tr 0 1300 2300
Orals only, 60-an rows 1210 1540
Gross only, 30.an rows 1310 1470
Putiommt virmatir600
36.610006 ellneetan 12 3S 1950 1290
Alfalfa 48 53 1620 2330
Sainfoin 51 0 1440 1200
Great only, 60.na rare 2200 13.0
{Wass 401Y, 30-a. rare 1660 70
Table 14.—Forage yields of legume and legume grass
forages grown in mixtures or alternate rows (Hanna
at al. 1977).
VAJ4 
Forage	 Mixed	 Alterhate Row
-- Pounds per acre --
Sainfoin with:
Crested wheatgrass 	 4650	 4710
Russian wildrye	 5160	 4770





Created wheatgrass	 6160	 5740







Applying nitrogen 	 to grass-alfalfa mixtures often
favors the grass component with subsequent reduction
in the legume portion. Maximum forage yield was
obtained with the grass-legume mixture fertilized
with 40	 pounds	 of nitrogen and 20 pounds of
phosphorus per acre. Yield for the 40N + OP treat+
sant was not such	 different	 (2610 va. 2660 lb/a).
Because the proportion of grass and legume in each
treatment	 was not reported, it is not possible to
determine the net effect of 	 fertilization on each
component.
Another legume frequently seen with crested
wheatgreas, especially along roadsides, is sweet
°lover.	 This legume will grow on calcareous soils
of low fertility, and is	 more tolerant of soil
salinity	 than alfalfa (U.S. Salinity Laboratory
Staff 1954). However, it is a biennial and say be
lost from the plant community during the third
growing season 131110218 soil moisture is adequate for
reseeding. Even under good moisture conditions it
is difficult to get satisfactory stands.
Gomm (1964)	 grew sweet clover, alfalfa, and
crested wheatgrass singly, in mixture and in alter-
nate rows at the Red Bluff Ranch west of Bozeman,
Montana.	 The annual precipitation was 14.5 inches
during the study. The two sweet clover varieties
produced 3000 to 4700 pounds	 the second year, but
none the third year (Table 15). Alternate rows of
Norden created wheatgrass and sweet clover also
produced well the first year, but yield was composed
primarily of created wbeatgrass the second year. As
expected, crude protein concentrations were such
higher in the legumes than in the grass. The crude
protein was also higher in the Norden component when
grown in the grasa-legume mixture than when grown
alone. This provides evidence that acme
biologically fixed nitrogen from the legume was
available to the wheatgrasa.
MoWilliams and Van Cleave (1960) examiaed
several pastures in southeastern Montana 17 years
after they were seeded with	 a mixture containing
crested wheatgrass (1 lb), western wbeatgrasa (1
lb), green needlegraas (1 lb), blue gram (1/2 lb),
and sandberg bluegrass (1/2 lb) per acre. Created
wheatgraas was also planted singly at the 4-pound
rate. The area was abandoned cropland receiving 12
to 13 inches rainfall. A 40-acre block was seeded
to the crested wheatgrass alone and an adjacent
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30-acre block was seeded to the mixture. These
seedings were moderately grazed season-long from 15
April to 15 December. In a nearby pasture 24-foot
wide strips of crested wheatgrass were alternated
with similar strips of the mixture. It was
moderately grazed during May and in winter.
Table 16.--Herbage production in 1997 on 	 **dad in 1940 to
crested urmatgrrme or a imam airtime (adapted frog ticellliaas and
vas Clamp. 1960).
amnia Plent.iea	 stein Pnintinm
Farago	 Created	 Mixture	 Created	 Mirture
Other forage species encroached upon both the
maxoulture and mixed seedings reducing the
proportion of crested wheatgrass forage from its
place in the initial seeding mixture (Table 16).
Season-long grazing increased the pre game of
needle-and-thread, while spring and winter grazing
increased green needlegrass in the strips of crested
wheatgrass and mixed seeding, alike. Seed mixtures
resulted in higher yields. Crested wheatgrasa
provided early green feed and other species provided
quality feed later in the season.    
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Total yield inaludaa mirmellsmoies greens and forte.
Cultivating strips 6 to 18 inches wide in
native range and planting in the tilled area has
been evaluated in a number of areas. This practice
removes competition from low-producing native
species and increases the opportunity	 for
establishment of the seeded species. Early attempts:
at iatereeeding met with varying success (Heinrich&
and Bolton 1950). In southern Saskatchewan, Fairway
wheatgrass was seeded into existing native range,
and made very large gains in bisal cover especially
where the original *over was low.
laMad.ck and Smith (1977) measured the yield and
composition of Ladak alfalfa and Fairway crested
wheatgrass, gram singly and in a mixture. The
study was conducted near Pincher Creek in southern
Alberta where September through July precipitation
averaged 17.6 inches. Nitrogen at 0, 40, 80, and
160 and phosphorus at 0 and 71 pounds per acre were
surface broadcast as single applications during
early spring in each of three years. Plots were
harvested when alfalfa was in midbloom. Yielda of
alfalfa and crested wheatgrass were not affected by
phosphorus fertilization. Grams yields are seldom
Table l5.••fortee yield and credo prowls/ coacestration (1959 only)
of era lacunas and Norden created abeetermae grams slarly, la





Species or alzture 1950 15802 19604 19592
Paredes per tors PeNcomt
Sweet adorer
Madrid 9730 a 0 960 a 17.9 a
PI-L37 2950 a 0 660 a T7.7 a
tudee alfalfa 2700 ad 310 /4.1	 a
Martian arestad aaaatgrada 1730 • 1300 980 n 6.5 •
Matures
Madrid • Moreau •n••• 1240 a 15.0 be




Madrid 4 Sordee 4440 n 1610 a 1260 n
P2-1.57 4 Norden 3560 1440 a 940 a
WWI i Nerdes 2250 n 1420 a
Maim tram Madrid • manias ellture	 9.3 d
lama re•• P1-1.57 • Mardian mixture	 0.9 de
Nord= from Ladala • Marled *inure
	
1.T do
1 Muse is asp Wu= followed by a similar letter Sr. not different
2 as determined by Durmas t s WILMA* Reese test at P • .05.
seam la 1900.3 diegad in 1959.
affected by phosphorus fertilization, but the
non-response by alfalfa in this study was a puzzle-
ment even to the authors.
Mayland (1983) reported that the critical range
for phosphorus concentration in the upper 6-inch
portion of legumes was between .20 and .25 percent P
when in the bud to first bloom stage. Alfalfa
sampled in the Pincher Creek study contained an
average of .19 percent P, but this represented entire
top growth from sore nature plants and could
therefore have been adequate. This is especially
true because the legume yield was not increased by
phosphorus fertilization. Phosphorus percentages in
the fertilized forage (71 lbs/acre) were:
Sa
Alfalfa .19 .23
Alfalfa in mixture .17 .20
Crested in mixture .16 .19
Crested .16 .23
Thus, forage phosphorus concentration, but not
yields, was increaaed when phosphorus fertilizer was
applied to the grass, legume, or grass-legume
mixture in this study.
Dry matter yields (lba/acre) of created wheat-
grass and the grass - legume mixture,	 but not of .
alfalfa, were increased by the 40 pound nitrogen
treatment the first year after fertilization
(Lutwick and Smith 1977):
Alfalfa	 3830	 3870
Fairway	 1260	 2630
Alfalfa plus Fairway	 3400	 3930
The application of nitrogen to a grass-legume
mix, though not determined in this study, frequently
results in a reduction of the legume component. The
data from the Pincher Creek study, at first glance,
appears to follow this observation. The proportion
of alfalfa herbage in the alfalfa-Created wheatgrass
mixtures for each of three	 nitrogen fertilizer




















4/12 5/10 /24 6/7 7/5 8/16
IR	 3.5.121
Tear 1	 75	 45	 41
Tear 2	 73	 65	 61
Year 3	 53	 50	 46
Alfalfa was obviously	 dying out in the unfertilized
plots over the three-year period. Perhaps nitrogen
fertilizer promoted grass growth at an earlier
period, indirectly reducing soil water available to
the alfalfa. That does not, however, explain the
decline in alfalfa composition of the nonfertilized
plots.
Forage yield and quality of grasses are often
increased by nitrogen fertilization (Anonymous
1957). Growing the grass in a legume mixture may
achieve similar results as shown in Table 17. Crude
protein concentrations in created wheatgrass grown
in the grass-legume mixture were about three percent
higher under both fertilized and unfertilized treat-
manta.
Growth Regulators
The forage quality of immature grasses and
forbs is often quite high, but as growth continues
nutrient quality and digestibility decline as cell
wall, fiber and other non-digestible components
increase. The dry	 matter yield may continue to
increase up to flowering time, and then decline as
leaves fall off and	 seeds are shattered (Ryder and
Sneva 1963a).
Miller et al. (1984) observed that older leaves
of crested wheatgrass	 died	 and	 broke off from the
plant as new leaves formed (Fig. 8). Crested wheat-
grass plants seldom	 had	 more	 than three or four
photosynthetically active 	 green	 leaves. As the
fourth leaf developed, the	 first died; and as the
fifth began to elongate, the second died. The dead
leaves lay on the ground	 and were unavailable to
grazing animals. When plants	 were in the boot
stage, the upper three leaves were green, but the
lower three were dead and unavailable. When the
plant reached full maturity, it consisted of a
reproductive stem with only two or three attached
leaves. More than 25 percent of the total material
produced was not available in the standing crop.
Preventing the leaf loss and even the
development of the reproductive tillers would
produce a higher quality forage. Researchers have
applied several growth regulator chemicals to grass,
hoping to improve forage quality. Sneva (1967,
Table 17.-cro• proiaio oosmantraciosa La alfalfa and created phase-
gramn !grown •logly and la mixed amide chef oars sec fertilized. or
fertilized cod with 160 pounds of airman. per ACM 1. 1. or 3 years
prior to Isar/sac (adapted from La lair* aid Saith 19771.
Figure 8.--The percent of standing, dead and
unavailable, and total crested wheatgraas crop in
relation to total current biomass at Squaw Butte,
Oregon (adapted from Miller et al.	 1984).
19730) reported that the application of paraquat (1,
1 1-dimethy1-4, 4 1 -bipyridinium di(methylsulphate))
on range grasses arrested growth and retained the
nutrient quality. This procedure allowed "curing on
the stump" for later grazing. The	 effect of 0.2
pounds paraquat and	 20 pounds nitrogen applied
singly or together	 on crested	 wheatgrass was
measured at flowering	 time (Table 18). Paraquat
reduced the standing dry matter but combined with
nitrogen increased the yield and crude protein
concentration.
Rainfall often reduces forage quality by
leaching soluble nutrients from the plant and poss-
ibly hastening leaf senescence. Forage treated with
paraquat retains its quality (Fig. 9) under those
conditions, but yields in subsequent years may be
reduced. The effectiveness of chemical curing was
also shown by the results of a	 3-year grazing
experiment (Suave at al. 1973),	 that showed the
average daily gain of yearling	 steers grazing
Paraquat-treated wheatgrass was 0.6 pounds per bead
higher than that of animals grazing 	 naturally cured
wheatgrase.
Table 18.--Forage	 yield and	 crude protein
concentration in crested wheatgrass as affected by
nitrogen and paraquat	 (Sneva 1967,	 1973c).
Treatment	 Yield	 Crude protein'  
1661 	
2011  Pounds per acre	 Percentforma apapaaase	 lot yr 3rd yr
Fermat
Control
	 3270b	 38a	 3.8a
Paraquat
	 2530a	 61b	 7.6a
Nitrogen	 5880d	 68b	 3.6a
Paraquet + R
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Table 19.--Effect of clipping date on forage regrowth production and characteristics at Archer, Wyoming.
April to August precipitation was normal at 10.4 inches (adapted from Bedell 1973).
	
CP cona. in	 CP yield in	 DM0 conc. in	 DIED yield in
alion4na IOTZ	 ItaugaiLth_	 regrowth 	 rears-loth	 regrowth	 regrowth 
Date	 DM yield	 June 29 Sept 7 June 29 Sept	 7 June 29 Sept 7 June 29 Sept 7 June 29 Sept 7
---- Pounds per acre ----- --- Percent --- Pounds per acre --- Percent -- Pounds per acre
None - 1 (1970) 1 (1460) 11 11 21 161 64	 , 52 1260 760
May 16 255 1370a 1315a 13(24) 1 12 178(61) 11 158 62(79) 1 50 949(201) 1 658
May 26 645 885b 955b 16(20) 12 148(129) 115 70(75) 60 620(484) 573
June 2 663 610a 920b 17(18) 14 104(120) 129 68(72) 55 415(479) 506
June 9 945 255d 575c 20(16) 17 51(151) 98 69(71) 58 176(670) 334





JUNE - JULY 64
Figure 9.--Crude protein concentration in crested
wheatgrasa naturally or ohemically cured with
Paraquat during a dry and wet season at Squaw Butte,
Oregon (adapted from Snore 1967).
Figure 10.--Standing crop yields of crested
wheatgrass, harvested at different dates, and
cumulative first harvest plus the regrowth. The
shaded area represents regrowth from new tillers at
Squaw Butte, Oregon (adapted from Miller et al.
1984).
Forage quality decreases as plants mature. The
appearance of reproductive tillers or stems ini-
tiates the decline in quality. Bedell (1973)
reported that as long as soil moisture was available
and the growing point was removed, then growth of
crested wheatgrass remained vegetative and highly
nutritious (Table 19). Removal of the growing point
can be acoomplished by high-intensity, short-
duration grazing, but timing is very important.
Various clipping treatment': impoaed in 1971
influenced the yield (lbs/acre) in 1972:







The research team at the Squaw Butte Experiment
Station examined these relationships (Hiller et
al. 1984 and Angell et al. 1984), and reported that
defoliating crested wheatgrasa prior to aid-May had
little effect on total forage produced (Fig. 10).
Defoliating between aid-May and early June removed
the reproductive atoms, causing the plant to produce
a second group of vegetative tillers. More than 90
percent of the 1200 to 1400 pounds per are of forage
produced was leaf material. The reduction in total
forage produced was caused by	 the absence of
reproductive stems. Plants that	 were defoliated
prior to mid-May developed reproductive atoms just
like those that were not clipped and contained less
than 30 percent leaf material. Defoliating the
plants during the mid-May to early-June period
maximizes the amount of leaf material available for
later grazing. The quality of this regrowth is also
higher because of the larger proportion of leaves in
the regrowth (Table 20).
White (1984) searched for means to reduce
heading in foxtail barley. Several growth
regulators and a desiccant were applied to the grass
when floral priaordia first appeared, reducing
heading and dry matter yields that year and the year
following. The vino dry matter digestibility and
crude protein concentrations were increased when
compared to the untreated grass. Moisture atress,








Table 20.--Crud n protein concentrative and digestible organic setter
for crested sheet/rasa first harvested ea given dices, or for
regrowth (adopted froe Angell i t 41. 19110. 1
Date
Crude trotolm allIASSULA2gg01.2AMIE
1st harvest1st harvest Regrowth
Percent
4-i2-83 3.3 58
4-26-83 14.7 3.4 77 59
5-10-83 13.6 3.4 ao 58
5-24-A3 11.0 5.4 73 63
6.7.63 7.6 7.8 71 62
6.20-63 6.4 9.1 72 58
7.5.83 4.9 6.9 65 58
7-18-83 3.6 ii2 61 gf
6.243 3.3 se is
6.16-83 3.1 is 53 as
2All regrowth data are far zeoolse harreetee 8-16-63.
NW Li is regrowth.
Haferkamp	 et al. (1984) reported that the
growth	 regulator Mefluidide [N-(2,4-dimethy1-
5-a(trifluoromethyl)- aulfonyljamino]-phenyl) acet-
Nadel inhibited reproductive shoot development 	 in
created wheatgrass when applied before or during
floral initiation. Mefluidide was applied at rates
of 0, .12, and .25 pounds per acre and July dry
matter yields were 890 and 700 pounds per acre for
the control and treated plots, 	 respectively. The
treated forage had higher *rude protein and
detergent fiber, and reproductive shoot numbers were
reduced by 64 to 90 percent. The use of growth
regulators to maintain highly nutritious Vegetative
growth in grasses appears useful, but more research
need' to be conducted.
Seed Yield
Moat of the immediate concern with created
wheatgrass has	 centered on its yield of forage.
However, seed production is another aspect that 	 is
of interest. During the mid-1930 1 s, general
information on seeding, forage utilization, and seed
production of crested wheatgrass was made available
through state and federal publications (Westover
1934, Westover and Rogler 1947, and Jackman
et al. 1936).
The	 earliest document on crested wheatgrass
available to this reviewer	 was an English
translation of a Russian language report by
Constantino., (1923). It was a summary of data and
observations, made during the period 1910 to 1920 on
the vide-spiked nitniak" (L. eristatum) and the
narrow-spiked nitniak • simmulnum). He
reported 7 year-mean seed yields per plant as 17.7
and 22.7 g and 8 year-mean weed yields per sore	 of
248 and	 364 pounds, respectively. Westover 	 et
al.(1932) noted that eared yields at the various
experiment stations in the northern Great Plains
ranged from a total failure in dry seasons to 600 to
800 pounds per	 acre in favorable years. The beat
seed yields were obtained under conditions that alac
produced the best forage yields. A good average
yield would be about 250 to 300 pounds per acre.
Double rows have yielded better than single rows,
which in	 turn have generally produced better than
rows spaced less than 12 inches	 apart. Birch and
Lang (1961) reported that the application of 50 or
100 pound's of nitrogen per acre in each of four
years increased Norden aged yields in pounds per
acre only slightly:
These yields were obtained from the Archer
substation in southeastern Wyoming on the western
edge of the central Great Plains. Precipitation
averaged 14.4 inches during the 4-year period.
Reynolds and Springfield (1953) reported that
about 100 pounds of seed per acre were produced
normally by crested wheatgrass in northern New
Mexioo, with a maximum of 350 pounds per acre in
SOSO years.
Windle et al. (1966) measured seed yield at
Tetonia, Idaho (elevation 6000 feet and annual pre-
cipitation 11.3 inches) in 36-inch rove (Table 21).
Seed yields declined with increasing age of stand
even though annual precipitation was greatest during
the fourth and fifth years. During this same 5-year
period, crested wheatgrass seed yields were reduced
an average of 35 percent when planted in 6-inch rows
compared with 36-inch rows.
Buglass (1964) also noted that crested wheat-
grass initially produced several good crops of seed,
but then yields declined to a uniformly low level,
especially in close-row spacings. Ammonium nitrate
fertilizer applied in the fall or spring increased
seed yields in an established Fairway sod.
Four-year average mean seed yields in pounds per











This illustrated the benefits of nitrogen,
especially when applied in the fall. Results of a
similar 3-year study at Indian Head, Saskatchewan
(8.4 inches annual precipitation) were reported for
Summit crested wheatgrass planted in 12-inch rows
and fertilized with ammonium nitrate (Fig. 11).
There was no seed yield response to phosphorus
treeneents that included nitrogen (Buglass 1964).
Table 21.--Seed yields of three Agropyron species








Inches Pounds per acre -----
1st 12.9 630	 740 690
2nd 12.2 360	 440 500
3rd 11.5 130	 250 280
4th 18.6 80	 200 330
5th 17.0 70	 120 210










Figura 11.--Annual mean clean seed yield of Summit
crested wheatgrass planted in 12-inch rows,
fertilised annually and harvested during the third
through the sixth year after seeding at Indian Heed,
Saskatchewan (adapted from Bugles. 1964).
The effects of row spacing and nitrogen
fertiliser on seed yields were evaluated in another
4-year experiment using Summit crested wheatgrassn
grown at Indian Head, Saskatchewan (Suglass 1964).
lows were spaced 6, 12, and 36 inches apart, or 12
inches apart and grouped by 2, 3, or 4 rows with 36
inches between group.. Seed yields (lbs/acre)
obtained for plots receiving 0 or 68 pounds N per
acre were:




2 x 12 140 190
3 x 12 130 180
4 x 12 120 190
Bennett et al. (1954) reported 4-year mean
clean-seed yields of creeted wheatgrasa grown at
Nephi, Utah were 50, 56, and 53 pounds per acre when
grown at solid, 30-inch or 48-inch row spacings. The
application of nitrogen fertilizer did not change
these yields (annual rainfall was 12.7 inches).
Yields as threshed were 313, 571 n and 279 pounds per
acre during 1937, 1938, and 1940, respectively.
Schaff et al. (1962) aeasured seed yields for 8
to 42 entries (including a wide range of crested
wheatgrass genetic materials) established annually
over an 11-year period. Seed yields were 513, 420,
and 308 pounds per acre during the first, second, and
third years, respectively. Seed weights were 0.56,
0.53, and 0.53 g/200 seeds, respectively.
McGianies (1971) published the only information
available on components of crested w boa tgra so seed
Table 22.--Seed yield components for created
when tares' (McGinnis. 1971).
Yield for spacing, inches
Parameter	 6	 12	 18	 24
Clean seed, lbs/acre	 107	 131	 146	 181
Seedheads/ft of row
	
13	 27	 37	 51
Seedheads/ft
	
25	 27	 24	 25
Weight, g/100 &godhead n 	 4.5	 5.7	 7.1	 8.5
Weight, g/200 seeds	 .32	 .34	 .34	 .36
yield in relation to row spacing.	 This study was
conducted over a 5-year period west of Fort Collins
when the average rainfall was 14.7 inches. The mean
data values found for clean seed are given in Table
22. During years of average precipitation, only
plants of the 18- and 24-inch spacings produced
enough to warrant harvesting. Seed yields ranged
from 1 to 266 pounds per acre, with the highest
yields at wider spacings in dry years and closer
spacings in we t years. NcGinnies opted for an 18-
inch spacing and recommended that fields be
cul UN,* tad.
Klages and Stark (1949) reported crested
wheatgrass seed production at Moscow and Aberdeen,
Idaho. They noted that 4-year mean yields were on
the order of solid stand < solid stand + N <
cultivated rows < cultivated rows + N. Seed yield
in relation to age of seeding was year 2 > year 3 >
year 4 w year 5. The fertility of culls in relation
to age of seeding was on the order of year 2 > year
3 > year 4 > year 5.	 Fertility of culms in relation
to row spacing was solid stand < solid stand + N <
cultivated row < cultivated row + N.
Knowles and Kilcher (1983) reported relative
seed yields (lbs/acre) of four varieties of crested
wheatgrass grown in western Canada during 1976 to
1979:
Relative	 Relative





In g	 1, the maximum yields of clean seed
having a high germination will be obtained in young
stands that are planted on 12- to 18-inch row
spacings, fertilized with about 40 pounds N per
acre, and cultivated.
Shrub Compe ti tion
Seeding of crested wheatgrass has continued for
the past five decades on western rangelands.
Historically, few seeding, have remained free of
shrub invasion for an extended period of time
(Blaisdell 1949). Competition between big sagebrush
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and created wheatgrass depressed yields of grass
(Frischkneyht 1963,	 Robertson 1947).	 The decision
on when to control sagebrush depend"' largely on the
rate of reinvasion by the shrub and the level of
suppressed forage production.
Rittenhouse and Suave (1976) summarized data
from several locations. They reported that the
production (lbs/acre) of crested wheatgrass declined
3 to 5 percent of its potential with each 1 percent
increase In sagebrush crown cover from 0 to 22
percent. The average grass yield was related to
crown cover in the relation:
Yield = 1030 - 42 (% crown cover of sagebrush)
The standard error of the estimate was 128 pounds
per sore. Them data are in general agreement with
those of Gobena (198k) in Utah (Table 23). Assuming
30-inch diameter crown cover for the shrubs, the
regression of forage yield on cover wan:
Y = 1230 - 73 (% cover), r =	 .95
This equation predicts a 6 percent reduction in
forage yields for each 1 percent Increase in
sagebrush canopy cover.
Frischknecht	 (1963) contrasted the effects of
big sagebrush and rubber rabbitbrush on the
production of crested wheatgrasa grown at Benmore.
Active growth periods of big sagebrush and crested
wheatgrass coincide, whereas the growth of
rabbitbruah occurs later. The depressed yields of
grass around big sagebrush plants were associated
with highly developed lateral brush roots in the
grass-root zone.	 In contrast, relatively few
lateral roots of	 rubber rabbitbrush occur in this
zone.
Caldwell and Richards (1986) have studied the
greater competitiveness of crested wheatgrass
compared with hluebunch wheatgrass when growing with
big sagebrush. They reported that while the root
biomass of crested wheatgrass was stellar to that of
bluebunch (6.9 vs 	 7.0 on or 196 vs. 199 g on the
average), created wheatgrass had more fine roots and
greater length (11.3 vs 7.33 miles/plant or 18.2 vs
11.8 km/plant). These characteristics, together
with a greater rooting depth by crested wheatgrass
(> 40 vs 35 inches or 100 vs 90 cm for conditions at
Green Canyon near Logan), undoubtedly made crested
wheatgrass a better scavenger of nutrients and soil
water. They provided a very interesting diagram
illustrating root distributions of the two grasses
and one shrub.
Table 21.--Harbege production for four densities of big eleSebrosh is







0 0 1150 0
40.5 1076 35 12 1160 0.5
724 60 a 200 360 8.2
1242 33 6 376 90 14
l eaver is calculated on an assumed 30•inoh diameter shrub.
Other papers presenting similar information on
the effect of competition between big sagebrush 	 and
created wheatgrass include those of Frischkneoht and
Bleak (1957), Hull and	 Clomp (1974), Johnson and
Payne (1968), and Robertson (1969, 1972).
FACTORS AFFECTING QUALITY OF CRESTED WHEATORASS
The	 first requirement in developing	 a	 range
livestock management program is a quantitative and
qualitative inventory of	 forage resources (Raleigh
1970).	 Many of the factors affecting 	 the
quantitative	 production	 of crested wheatgrass have
already	 been discussed. This section reviews
factors affecting the quality of crested wheatgrass.
Forage	 quality is	 a many-faceted term. It
includes digestible organic matter, crude 	 protein,
readily	 fermentable carbohydrates, and available
vitamins and	 minerals.	 Quality may also relate to
the esthetic appearance, smell, taste,	 or touch of
the forage	 to the grazing animal. This discussion
deals primarily	 with la . vitro( and laboratory
assessment of quality, even when used	 to explain
grazing-animal behavior.
Site Effects
Some quality characteristics of field-grown
materials may vary more between sites than between
eultivars. This was true for the two A. aristatag
and three e. &newton)* cultivars tested by Junk and
Auatenson (1971) in western Canada.	 Location
differences	 were	 found	 for all characteristics
measured	 except iron and molybdenum.	 Varietal
differences	 were la vitro dry matter digestibility
(NEM), fat, crude fiber (CF), and stem diameter.
The organic quality constituents, phosphorus	 and
potassium, were associated with leafiness.
Rangeland sites may be described by 	 climatic
characteristics	 including temperature,	 solar
radiation and precipitation, and by edaphic
characteristics including soil structure, fertility,
waterholding capacity, salinity, and	 alkalinity.
These factors may also affect forage quality.	 Cook
(1959) noted that cattle bad a high preference for
crested wheatgrass and several other grasses growing
on unfavorable sites, located an low productive
knobs previously dominated by juniper. No further
description	 was provided, but the soils on these
knobs may have been slightly hydrophobic, increasing
the runoff and making them more droughty.
Utilization on	 the	 unfavorable	 site	 was
approximately twice that on the favorable	 site
(Table 24). The preferred plants were more leafy
and had lower stem/leaf ratios than the undesirable
plants.	 Forage	 from the unfavorable site 	 had
slightly higher concentrations of crude protein and
ash, but lower concentrations of lignin, cellulose,
and ether extract (Table 25).
Droughty spots may occur because of gravelly
subsoils	 or on knolls having low water holding
capacity.	 This phenomenon also occurs	 where
aolodized-solenetz soils (Watra argid soils),
commonly	 called	 slick-spots, are intermingled with
normal soils. The slick spot has a sodium saturated
8-horizon with very low water infiltration
characteristics, making it a droughty soil. This















Plains, on the lower end of the Snake River Plateau,
and elsewhere. Observations of animal preferenoe
for plants growing in 10- to 50-foot diameter areas
have been noted, but not well documented. Sail
conditions like the above reault in a patterned
droughtiness and subsequent patterned grazing
behavior by animals.
wurater et al. (1971b) described the quality of
four greases grown on a silty clay loan interspersed
with areas of droughty soil in South Dakota. Forage
samples were taken from smooth bromegraas and
intermediate, created, and Siberian wheatgraas at
6-day intervals from 23 Hay to 15 August. The
forage grown on the droughty soils had higher
digestibility and acid detergent fiber (ADF) values
than did forage grown on moister soils. The higher
digestibility of forage grown on the droughty soil
was most pronounced in the early maturing crested
wheatgrasa, and may be related to slower development
of structural material under suboptimum conditions.
Dry matter yields were significantly lower on the
droughty area for all species except intermediate
wheatgreas.
Seasonal Effects
The morphological development of a grass
progresses from the appearance of vegetative tillers
and succulent leaves to leaf maturation and
senescence. Reproductive tillers will develop and
the plant will flower, set aged, and upon further
curing will shed seed. This process is genetically
controlled and carried out under restraints of the
environment. Ryder and Steve (1963a) noted that
crested wheatgraaa, like other grasses, continues to
accumulate dry matter until flowering time when dry
matter yields will level off for a while and then
decline is leaves are lost and seed is shed (Fig. 7).
Table 24.--Plant characteristics mid animal utilisation of three
rbeeterammee at the and of the spring erasing weasel. ea adjaceat
favorable and uafaverable sites la Utah (Cook 1959).
Wee/leaf	 Ilmlabt of
sits and speelom	 MILO	 seed rola W11138%10*
Looted	 Percent
Yerreehte
Crested wheaterase 2.46 24 35
Iatereedlete obestdrtee 1.15 27 63
Tall uheatdroms 1.12 33 31
%favorable
Crested obeaterma 1.6T 20
Intermediate obeetwomm .71 24
Tall ulbestereime .45 28 66
Table 26...Meam uneelOal uharamteriatime of three vbeedgrammee arson
ee adjereent favorable and unfevorehle altos 1.11 stab (Cook 1959, Cook
at al.	 195a).
Site Plant 8ther
auditions Pert outran Protein Lmb LLente Cellulose
Posner
fevereble Leaves 4.7 12.1 13.5 5.8 27.4
Stew' 1.6 5.1 7.4 6.9 33.6
Wale plant 2.8 9.6 9.7 6.5 31.2
Onfaverable
Leaves 3.8 12.5 14.3 5.5 25.9
Steam 1.s 8.9 7.5 6.5 32.2
Whole pleat 2.6 10.6 11.0 6,0 28.7
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Figure 12.--Two-year	 mean yield and nutritional
component values of crested wheatgraas grown at
Swift Current, Saskatchewan with zero or 180 lbs R
per acre (200 kg Whe) and irrigated with 10 inches
(26 es) of supplemental water annually (adapted fro%
Lawrence and Cnipfel 1981).
If fall regrowth occurs then dry matter yields may
continue to increase as shown in Figure 12.
During morphological development photosynthetic
products are cycled through soluble sugars having a
highly digestible organic matter (DOH) to other
materials having low solubility and low DOH (Cook
et al. 1958). Crested wheatgraas forage that tea
70 percent DOM in early spring may decline to 50 to
55 percent DON at flowering and even less by
midsuamer (Fig. 12). The amount of DOM increses up
to flowering time. It may then decrease if either
percent DOM or yield decreases, or may increase if
fall regrowth occurs. 	 Fertilizer nitrogen increased
the amount of DOM by 35 percent when compared with
the control. Crude protein concentration, shown as
percent nitrogen, 	 was elevated about three
percentage units (0.5 percent N x 6.24). Even
though nitrogen may change the amplitude of these
response curves, the shape of the curve is not
greatly different Eros that of the control response.
Seasonal changes in forage quality parameters
are also available for a 9-inch precipitation area
in south central Idaho (Murray et al. 1978). Like
the results from Swift Current (Fig. 12), data from
the Idaho location show curvilinear decreases in
total digestible. dry matter (TDDM), crude protein
(shown as % N) and digestible cell wall (DCV)
presented on an organic matter basis (Fig. 13).
'N.B. Murray, Dubois, Idaho, personal communication.
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Willem at al. (1980) used polynoaial regression
analyses to describe the change in chemical
constituent concentrations in A. Alagrtgrum and four
other grasses sampled between 14 February and 31 May
1974 in south central British Columbia. Forage
quality was high initially, but declined as the
grasses matured. There were few differences in
quality when new growth on fall-grazed pastures was
compared with new growth on fall-deferred pastures.
Forage quality may have various definitions to
researchers and producers. As a consequence, there
is a variety of information in the literature.
Renzi (1975) reported the yield, crude protein and
levels of several minerals in crested wheatgrass
grown at Archer, Wyoming (Table 26). Dry matter
yield continued to increase up to the time of
antheais or flowering. The quality parameters,
however, declined as the plants matured.
Patton and Gieseker (1942) monitored changes on
two quality parameters in laroovron =gat= and
AL. AmasElgoma grown in central Montana (Table 27).
A general increase in cellulose and lignin occurred
in both species as the plants natured. The
10 aftimmtamm plants were of lower forage quality
than A. oriatatu at the seed-ripe and seed-abed
stages, because of higher cellulose and lignin
contents.
Figure 13.--Seven-years of forage quality data
regressed against Julian date (z-axis) for crested
wheatgraas grown at Saylor Creek in south central
Idaho. Abbreviations are total digestible dry
matter (TERM), total nitrogen (V), phosphorus (P),
nitrogen/sulfur ratio (N/3), neutral detergent fiber
(NDF), digestible cell wall on an organic matter
basis (MN), potassium (K) and zinc' (Zn) (adapted
from Murray et al. 1978).
Table 26.--Three.year-mean of ahem/eel canatituenta In *meted wheat-





































1 Values for given oompomeat with the mum letter are act different at
P <.as.
Table 27.--been oetlalcae and 1ls.La coaceatretloo in Agropyrea





Mete A. do. I. or. A. de. A. or.
?Groans
20.2 22.5 5.3 5.7Vegetative 5/16
Rending 5131 25.2 25.5 7.2 7.5
vlowerisa 6112 27.6 27.9 8.9 9.3
Sold ripe 6/26 32.4 29.1 13.2 11.6
Seed abed 9/4 40.4 36.9 15.6 14.1
In another Study (Sotola 1940), crested wheat-
grass forage wimples were taken at two week
intervals during the May through September period.
Ash, crude fiber, and nitrogen free extract (RFC
increased with maturity. Crude protein decreased
markedly at first and then changed very little after
early summer.
Knowledge of the seasonal quality differences
is helpful in prescribing grazing programs.
Beinrichs and Carson (1956) harvested forage from
nine grasses, including Fairway and Summit crested
wheatgrass, at six stages of maturity. The samples
were analyzed for proximate constituents, crude
protein, crude fiber, ealcium, phosphorus and ash.
Nitrogen free extract was calculated. After they
had examined the data, they reoommended that crested
and intermediate wheatgraas be used for spring and
early summer grazing, smooth brome and green
needlegrass for summer, and Russian wildrye and
streambank wheatgrass for fall and possibly winter
grazing.
Wight et al. (1983) reported that crested
wheatgrass and Russian wildrye were more resistant
to demise from early spring grazing than were most
native speoiee in the northern Great Plains. They
also noted that Russian wildrye remained quite
palatable after dormancy, making it particularly
valuable for late summer and fall grazing.
A ;similar set of quality factors in
A, ggistaLua was monitored over a 13-year period at
Manyberries and Swift Current (Clarke and Tisdale
1945). These factors also demonstrated a reduction











Stage of Sampling Crude Crude Ether free Total




45.8 8.85 .42Vegetative 5/10
Beading 6/8 13.9 29.2 1.6 48.0 7.45 .29
Flowering 6/29 11.7 33.1 1.8 46.3 7.12 .32
Seed ripe 7/30 8.5 32.5 1.9 51.1 5.92 .33


















Table 28.--Mean classical coaposition of Agropyron crista tun plants sampled a t various stages of aa turf ty
from 1927 to 1940 at Manyberries and Swift Oqrrent, Alberta (adapted from Clarke and Tisdale 1945).
The Canadians harvest mature crested wheatgrass
for winter feeding programs. Julf.22=2R arist4tWE
harvested in late August was haseermilled through a
.25 screen and pelleted. It was then compared with
other sheep diets composed of wheat straw and hay
processed in a similar way (Knipfel 1977). The
straw-alfalfa mixtures were adequate for the
pregnant ewe, but the wheatgrass diet was deficient
in crude protein. I previous study (Beacon
et al. 1973) reported that pelleting of various
ratios of crested wheatgrass to concentrate mixtures
increased dry matter intake, weight gain, and feed
efficiency by 15, 47, and 23 percent, respectively,
when fed to growing Inaba. The crested wheatgrass
served as a good roughage in this diet.
Plant Parts
Leaves have higher concentrations of crude
protein, ash and ether extract than stems, and lower
concentrations of lignin and cellulose (Table 25).
Leaves initially make up most of the standing
biomass of crested wheatgrass. Aa the plant
matures, however, this proportion declines to almost
zero as first the sheath and then the stew makes up
an laportant part of the above ground biomass
(Wurster et al. 1971e). Figure 14 illustrates the
portions of leaf, sheath, and stem inflorescence,
and the IVDKD of the plant parts of two Asroovrona 
grown in the field at Brookings, South Dakota. The
IVDND of each part, including the leaves, declines
because of the formation of strongly bonded
structural materiels that are used for enlarging
cells and thickening cell walls.
Seven wheatgraases including three Agroovrons
(Fairway, Norden and Siberian) were grown on a
calciorthid soil near Kimberly, Idaho. Whole plant
samples were harvested at anthesis and separated
into leaf, stem, and head components. The chemical
composition of each is shown in Table 29. Of the
three plant parts, stems bad the highest dry matter
and highest nitrate nitrogen, as expected. The
heads bad the highest soluble nitrogen, phosphorus,
copper, and zinc oonoentrationa, also as expected.
Additional data on the nitrogen content of
reproductive organs of crested wheatgraas are given
by Soave (1983). These mineral data illustrate the
differences that occur in the composition of plant
parts. The availability of these nutrients to
grazing animals, however, may be different from
their concentration in the plant part.
7eble 29.-.Maas Rbeniael Oonpaeitioa of seven wheatgrasses grou p at
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Figure 14.--Mean seasonal trends in the relative dry
matter proportions (dotted lines) and la vitro dry
natter digestibility (IVDMD)	 of those plant parts
(solid lines) for P27 and Norden crested wheatgrass
grown at Brookings, South 	 Dakota (adapted from
Wurater et al.	 1971a).
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Mineral Concentrations
Only a few studies on minerals in forages deal
specifically with crested wheatgraas. Suoh reports
may be categorized under one of two headings: those
that discuss mineral 	 concentrations in relation to
animal health, and those that provide baseline data
on mineral concentrations in relation to geochem-
istry of top soil or spoil material. &limy (1975)
and Kubota and Allaway (1972) discus* the elements
essential to animals and their role in the
soil-plant-animal cycle.
Forage minerals	 and animal health. ---Crested
wheatgrass samples from various wear: in northern
Nevada (Dye 1962, Mimeos and Lambert 1972)
contained the following mineral concentrations in
parts per million:
lama	 lima
Cobalt	 0.56 to 23	 12
Copper	 0.84 to 5.4
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The cobalt concentrations were unusually high when
compared with values from other plants (Lambert and
Blincoe 1971), but the findings were verified by
several different	 analytical procedures.	 The
authors concluded that crested whestgress	 was a
potential accumulator of	 cobalt. It is	 possible
that their samples were contaminated with	 cobalt
during collection, transportation, or processing.
Analysis of separate samples taken from 	 the	 San
Jacinto seeding (an area also sampled by Blincoe and
Lambert 1972), produced values of about 0.1 part per
million (H. F. Mayland, unpublished), comparable
with data from other sources.
Murray et al. (1978, 1979) sampled	 crested
wheatgrass forage for mineral concentrations between
March and December over a period of seven years
(Fig. 13). The elements in crested wheatgrass in
order of their being or 	 becoming deficient 	 for
animals during the 	 grazing season are as follows:
Nitrogen (crude protein) 	 > phosphorus	 >	 zinc >
potassium. Magnesium deficiency often	 occurs in
animals grazing crested wheatgrass. However, this
occurs because of other factors that reduoe	 its
availability to ruminants.
Forage minerals and geochemistry.-Crested
wheatgrass is common to many areas of the Western
Energy Belt where spoils from coal and uranium sines
are rovegetated. Crested	 wheatgrass is used as a
biological indicator 	 of the solubility	 or avail-
ability of minerals	 in	 top soil and	 spoil. A
mineral profile of	 the	 forage sample	 provides
information about the elements that are entering the
food chain.
Contamination of the forage by dust or soil
splash must be considered in determining 	 the
selection, forage sampling, and chemical analysis of
forages (Mayland and Sneva 1983).	 High iron
concentrations (greater than 100 pg/g) are often
associated with soil contamination, but some effects
may be explained by differences in soil pH.
Mena and Shacklette (1982) provided summary
statistics for 59 elements contained	 in mineral and
biological materials from 25 study areas.
Cultivated cereals and native greases and shrubs are
among the biological materials included in the
study. Crested wheatgrass is identified for acne
sites. This reference is a useful source of
elemental-concentrations expected in soils and plant
materials and the natural error associated with such
values.
Fairway crested wheatgress was selected as the
biological subject to monitor mineral solubilities
in a topsoil and spoil area in east-central Wyoming
(Erdman and 8bena 1979). The concentration of 26
elements is reported for forage samples obtained at
the seed	 ripe stage tram a reclaimed-coal spoil and
a topsoiled area (Table 30). Forage 	 grown on the
spoil contained higher concentrations of cadmium,
cobalt, fluorine, manganese, uranium, vanadium, and
zinc, but a lower concentration of phosphorus than
forage grown on the topsoiled area. The data pro-
vide a valuable reference for those wishing to
=impart, elemental-concentration data.
In another study, forage samples were collected
in June and August from three reclaimed mine sites
and adjacent undisturbed native sites in south
central Montana and eastern Wyoming (Stanley
it al. 1982). The plant material was analysed for
14 elements by ICF (inductively coupled plasma
atomic emission spectrometry) which, along with
possible soil contamination of samples, may explain
some of the variations. Selenium and crude protein
concentrations were also determined. Nitrogen and
nickel were the only elements not also reported by
Table 30.--Ceometric mean concentrations and observed eeeee of
elements La created vhaatgrass from topsoil borrow areas and Erne







61 .69 .304.7 1.1 .41-3.7
Ca 2.6 2.2.3.0 2.3 1.6-3.5








S.total 1.7 1.0-2.7 1.6 .9-3.3
Si 12 7-19 9.6 4.4-19
Parts Illaepe
15 11-26 17 11-46
2ha 12 6-22 10 6-22
C4 .054 .016-.15 .082 .034. .153Co .069 (.05-.13 .099 <.04-.41










re 190 81-350 270 120-740
.011 .01-.02 .011 .01-.02
.82 .29-1.8 1.3 .50-4.0
16 5.6-36 39 23-140
110 .39 C.4...58 .43 4.4..84
8.4 3.6-22 It 3.5.213. .23 .10-.60 .rr .10-.7o
Sr 25 16-39 25 14-41
Ti2 16 3-50 26 11-74.021 <0.2-.067 .062 ‹.03-.55
!9 .63 c ' 5- .98 .52 <.7-1.520 13-28 26 18-32
1 Data are homed as 10 amnpLas and their analytical duplicates from
, sea seas; tanDOEW4tiOUG 41411 OtPrOSadd on • dry bass.
'gem ere atialtloaatly different at the P<0.05 level.3Meese ere significantly differeet at the P<0.01 level.
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Table 31.--Chemical composition and apparent digestibility of crested whestgraas tissue eaten by sheep during
spring and summer (after Cook and Harris 1968).  
cheries1_011,PnR4t1nn-
Total	 Phos-
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Erdman and new (1979). Stanley et al. (1982)
reported that copper values ranged from 20 to 40 ppm
which mums high by a faotor of 10Z when compared
with other data. Zinc values ranged from 30 to 50
parts ppm and seem high by a factor of 21.
	
Element profiles for plants 	 growing on the
reclaimed areas provide baseline data for the long
term studies. In addition, these profiles are
useful in determining the forage quality and
	
suitability for animal consumption, 	 and in deter-
mining the suocesa of top-soiling the reclaimed
areas.
	
Nielson and Peterson (1973)	 evaluated the
ability of 54 species including grasses and legumes
to grow on copper mine tailings. Nothing grew on
untreated tailings. Aaronyrog species were among
the 16 that were established on leached tailings
fertilized with nitrogen, phosphorus, and trace
minerals. Grasses were more tolerant of salinity
and high copper than were leguees.
Digestible Nutrients
Forage quality can be defined in many ways, but
usually is related to some animal response, such as
feed intake, weight gain, reproduction, or produc-
tion of milk or wool (Murray et al. 1978).
Sometimes forages are fed directly to animals to
determine apparent or true digestibility and these
values may be compared with information obtained
through indirect methods. Cook and Harris (1968)
using sheep examined both the chemical composition
and the apparent digestibility of crested wheatgreas
at four different growth stages (Table 31).
Parameters like ether extract, crude protein (CF
%X x 6.24), phosphorus, metabolizable energy, and
total nutrients are factors that relate positively
to quality. Parameters like lignin and cellulose
ray oontribute negatively to overall quality.
Sosulski et al. (1960) reported the lignin
concentrations in five Agropyron species grown in
the field in southeastern Washington. The lignin








These values were consistently higher than the
concentrations in bromegrass and orohardgrasa.
Differences in lignin concentrations between
igCO2KrAg cultivera were as great or greater at
flowering than earlier. The lignin percentages for
whole plants
maturity were:
Sims and Cook (1970) evaluated the digest-
ibility of four wheatgrasses harvested between 20
June and 22 July, and reported that cellulose
digestibility was higher in plants grown in dense
stands, perhaps relating to the retarding of plant
maturation. Cellulose digestibility was also higher
in leaves than in stems. Dry matter digestibility















The forage quality of seven grasses was
determined at =theta is a 7-year study conducted
in eastern Montana (Table 32).
Forage quality generally declines as crude
protein values decline with plant progression from
vegetative to seed-ripe stages. The levels can also
be affected by cultural practices. For example,
crested wheatgrass can be fertilized (Fig. 7),
treated with growth regulators (Fig. 9) or planted
in mixtures with a legume. Schultz and Stubbendieck
(1983) showed the effect of fertilizer nitrogen and
phosphorus on the crude protein percentages of
alfalfa or a mixture of alfalfa and A. criatatum:











ON +	 OP 15.6 10.3
45N +	 OP 13.9 10.8
45N + 22P 14.3 11.2
ON + 22P 15.0 11.0
In the same study a mall difference in IVEND
between alfalfa and the alfalfa-grass mix was




ON +	 OP 63 61
45N +	 OP 64 62
45N + 22P 65 61
ON + 22P 64 61
Some of the older studies on forage quality
reported data for parameters like ether extract
(Tables 25 and 28) and digestible organic setter
(Fig. 10, Table 16). Data on the negative aspects
of forage quality are provided by nitrogen free
extract (NFE), crude fiber (CF), cellulose and
lignin (Tables 25, 27, and 28). Each of these
parameters provides evidence that as the plant
develops morphologically it becomes increasingly
less nutritious for the grazing animal.
A newer method of measuring forage quality
determines cell wall residues (total of 'Join,
cellulose and bemicellulose) and replaces crude
fiber analysis (Van Soeat 1966). The residues are
considered to be chemical components that cannot be
completely digested, separated into components that
are (1) insoluble in a neutral detergent solution
(NDF), (2) soluble in an acid detergent solution
(hemioellulose), and (3) insoluble in the same
solution (acid detergent fiber (ADP) including
cellulose, lignin, lignified nitrogen compounds, and
silica). The cell contents are soluble in neutral
detergent solution. The method separates the highly
digestible from the partially digestible and
indigestible components of forage.
The method of Van Soest (Goering and Van Soest
1970) was used to estimate the dry matter digest-
ibility of seven grasses grown in south *antral
Idaho over a seven-year period (Murray et al. 1978).
The NDF (a measure of total fiber) data for crested
wheatgrass are given in Figure 11. The values begin
at about 25 percent in early Marchand increase to
about 60 percent by early July, reflecting the
maturation of the plants. The digestible cell wall
(Fig. 13) is given on an ash free basis and as such
is not exactly the inverse of the NDF curve, but it
does have the inverse shape. The true dry matter
digestibility (TDMD) corrected for ash is also shown
in Figure 13. On as ash-free basis, the TDMD values
decline from 90 percent early in the season to 60 to
65 percent during midsummer.
White and Wight	 (1981) using another approach
estimated the 	 digestibility of seven grasses
plus alfalfa	 and dicer ailkvetch grown in eastern
Montana. The	 samples were subjected to a modified
Tilley and Terry two-stage procedure as were three
forage samples	 whose true dry matter digestibility
was known from previous animal studies. Regression
analyses were employed to calculate the estimated ln
vivo digestible values for crested wheatgrass and
two wildrye species (Fig. 15). Digestibility of all
species declined with increasing maturity. The
wildrye species were more digestible during late
summer and autumn than crested wheatgraas. This
relationship was also verified by animal response
data and leads to the recommendation that crested
wheatgrase be used in early spring and wildrye in
late summer and autumn.
Coulman and Knowles (1974) reported significant
differences in IVDKD between plants of the diploid
A. oristatqa	 and	 those	 of the tetraploid
d. desert 	 strains. The	 values were highly
correlated with proportion of leaves in the Sample.
The 10 mrintatuR strains were more palatable and
superior in IVDMD. Like others, Coulman and Knowles
measured a sharp decline in	 /VEND between heading
and the end of anthesis with little subsequent
change thereafter.
80
Table 32.--Forage yields, estimated in vivo dry
matter digestibility (IVDMD), and crude protein (CP)
concentrations in grasses grown at Sidney, 	 Montana
(White and Wight 1984).
Species Yield 1V ID CP
Pounds
per acre --- Percent
Altai wildrye 3000 62 12
Russian wildrye 2900 61 10
Crested wheatgraas 2900 60 9
Green needlegraea 27 00 60 10
Pubescent wheatgrasa 2700 60 8
Meadow broaegrass 2100 63 9











Figure 15.—Estimated	 viyo digestibility of three
grasses grown at Sidney, Montana (adapted fro g White
and Wight 1981).
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Lawrence (1978) published an evaluation of the
yield and quality characteristics of thirty grasses
grown in southwestern Saskatchewan. Data on forage
yield, nitrogen, phosphorus, and digestible organic
matter were provided for samples taken during
spring, summer, late summer, fall, and late winter.
The favorable and	 unfavorable	 characteristics were
shown by an alpha-code in a summary table. A more
quantitative approach would have been desirable.
	
Index values are often used	 in progress
involving selection for two or	 more	 traits. Vogel
et al. (1984) calculated an index (NI) based on
forage yield and 'MD for 38	 crested wheatgrass
introductions and experimental	 strains. Strains
with high positive NI values usually 	 had both high
yield and high ITEM values. The opposite was true
for strains with negative NI values. The index,
when calculated for two years and two	 locations	 in
Nebraska, ranged from -4.00 to 2.80. 	 The varieties
Ruff (A. azteaya) and !Jordon (A. sin irlanaL) were
among the top six selections.	 Strains with	 the
highest first-out yields also	 had high second-cut
yields and were taller but earlier in maturity than
the law yielding strains. Later	 maturing strains
tended to be higher in ITEM. Most of the
differences were probably due to factors other than
maturity, because most of the strains headed within
the same week.
Using the above approach, the four Agroovrqng,





I.	 x A. gm	 .42
=Latin	 - .25
I. Aber-tam	 - 1.34
The above indices were based equally on yield and
digestibility.	 If desired,	 factors can be
differentially weighted and more than two factors
can be used. The index is a simple tool by which
entries can be numerically ranked, remembering that
some quality factors are not easily quantified.
	
3mollak and Beaeau (1967) determined 	 the
chemical composition and Javitro digestibility of
crested vheatgrase, Russian wildrye	 and pubescent
wheatgraaa relative to a standard	 of early-out,
chopped, dehydrated legume hay (Fig. 16).	 The
nutritive value	 of crested wheetgrass was between
that of the other	 grasses prior	 to the soft dough
stage while Russian wildrye was superior to the







Figure 16.--Nutritive value index for three grasses
compered to legume bay at Manyberries, Alberta
(Smoliak and Roseau 1967).
Feeding studies and chemical analyses are the
two most common methods used to estimate quality.
	
Feeding studies	 are labor intensive and costly,
therefore not frequently used. Laboratory methods
that predict forage value based on chemical
composition and In vitro digestibility are also
expensive and time consuming. An alternative may be
the infrared reflectance (IR) technique that has
potential for rapid, routine analyses and prediction
of a wide variety of forage quality characteristics
and animal responses to forages.
Park et al. (1983) evaluated the IR technique
on forage samples of A. agialatag. A. ausagma,
A. AthAtima, and A. ACJAIALLUa x A. 411M0120=1 . The
inatrument responses to each of 80 samples were
regressed against forage quality data for several
nitrogen and fibrous fractions in the laboratory.
Values for these fractions were next predicted by
the IR technique for 30 additional samples. The
predicted values were then compared with laboratory
results (Table 33). The IR technique can be used to
predict acme chemical values with accuracy and
precision similar to conventional wet-chemistry
methods. However, the /R technique requires a large
number of representative samples upon which to








Table 33.--Actual values of nitrogen and fiber fractions determined by wet chemistry compared with those
values determined by IS for 30 samples of Agropyron cristatus, A. desertorum, A. sibiricum, and A. cristatum x
A. deaertorum (adapted from Park at al. 1983).
Mean
	
Standard Deviation	 Std. error of
Component	 Actual	 Predicted







disappearance (IVDMD) values for
esophageal (diet) maples for one







The methods of forage chemical analyses are
chosen to provide estimates of animal response in
terms of preference, intake, digestibility, etc.
Handl and	 Rittenhouse (1975) compared three methods
of estimating digestibility	 for the purpose of
predicting dry matter intake	 by cattle grazing
crested wheatgraas range.	 Digestibility was
determined by (a) the la vitro method of Tilley and
Terry using a 48-hour pepsin	 digestion, (b) the
lignin ratio, and (c) the method of Van Soest for
soluble	 cell	 wall	 constituents.	 Forage
digestibility averaged 61, 63, and 72 percent for
the three methods, respectively. Because the forage
was highly digestible, variation among methods was
small and each responded similarly within dated.
Estimates of dry matter intake derived from (a) and
(b) did not differ significantly, but both were
greater than estimates derived from (a), which were
lower than expected, perhaps because of the
difficulty in estimating cell 	 wall constituents in
fecal samples.
Troelsen (1971) estimated	 the consumption of
digestible energy by sheep from the concentrations
of •a vitro digestible	 energy, cell wall
constituents, and crude fiber	 in coarse roughage.
Four grasses, including AL. criatatag and	 alfalfa
were harvested annually at	 four to seven growth
stages over a period of four years and fed to sheep.
The concentration	 of la	 vitro digestible energy,
cell wall and crude fiber 	 were each related to
intake of	 digestible energy.	 For grass hays, AA
vitro digestible energy gave the beat prediction of
crammed digestible energy with a coefficient of
variation of 18 percent compared with 24 percent for
other fiber measures.
Biological factors affecting forage quality
include disease	 and insects. Earn and Erupinaky
(1983) found field grown 	 intermediate wheatgrass
plants naturally infested with	 stem rust had lower
IVDOM and	 higher NDF, ADF and lignin than smut-free
plants.	 Intermediate wheatgrass plants infected
with leaf spot diseases had lower 'MOM and higher
NDF than healthy plants.
Clipping and Sampling
Factors affecting the proportion of leaves on
the plant will	 have a major impact on 	 forage
quality.	 Cook et al. (1958)	 found that frequent
clipping	 of crested wheatgreas increased	 forage
quality.	 This was probably a	 result of increased
vegetative growth and higher leaf to atom 	 ratios.
The frequent clipping, however, resulted in
decreased dry matter yields. 	 More recent research
at Squaw Butte has shown that clipping,	 crested
wbeettgreas during late May 	 removed the	 apical
meriatem,	 increased regrowth	 and increased the
proportion of leaf tissue	 (Miller et al.	 1984).
Clipping	 at that time,	 however, decreased the
overall yield because reproductive tillers were not
formed.
Sheep, and perhaps	 cattle also, will
discriminate against plants	 having .reproductive
tillers and will be attracted to those having only
vegetative tillers (Murray 1984). Because	 animals
graze quite selectively,	 choosing some plants and
plant parts while refusing others, it may be very
important	 that herbage sampling mimic the same
selectivity exhibited by the animals.
Hart et al. (1983a) checked their ability to
manually sample crested wheatgrass forage against
esophageal collections at Cheyenne, Wyoming.
Crested wheatgrasa samples were colleoted over the
15 May to 30 June period and analyzed for crude
protein, lignin, ADF and IVDMD (Fig. 17). They
found that as the season advanced there were linear
increases in lignin and ADF fractions and linear
decreases in crude protein and IVDMD. Quality data
for the manually-collected samples did not mimic
well the data from the esophageal-collected samples.
Agreement can be achieved only after careful
observations of grazing selectivity followed by
careful sampling. Another source of error is that
differences between grazing animals may be as great
as differences between collection techniques.
FACTORS AFFECTING THE ANIMAL RESPONSE TO CRESTED
WHEITGRASS
Many interacting factors influence animal
response to grazing crested wheatgrass. These
include not only what they eat, but the quantity and
quality of the ingested forage.
Grazing Preferences
It is probable that animala ingest greater
quantities of a preferred species, increasing their
performance in term of milk or wool production, or
live weight gain. The less-preferred plants may
have lower protein, magnesium, moisture, or
carbohydrate concentrations, or higher silica
levels.
Smoliak (1968) made daily observations of the
grazing habits of yearling ewes having daily access
to created wheatgrass, Russian wildrye and native
range at Manyberries, Alberta. Ewes preferred
crested wheatgrass from initiation of grazing (late
April - early May) until the third week of June.
They then grazed Russian wildrye for about three
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Table 34.-Forage production and relative animal preference for
frog Gessha and Walton 1980, 1981).
six g 	  at three grow th stages (adapted
Produtinn Preference Ratinal
Heading	 or Seed Heading or Seed
Forage Vegetative flowering ripe Vegetative flowering ripe
--------- Pounds per acre
Broaegrass 2070 5080 5480 1.2 1.0 1.2
Creeping red fescue 2590 4580 4630 1.1 .6 .0
Crested wheatgraas 1380 2800 3720 .8 .2 .0
Intermediate wheatgraas 2560 5490 5140 1.2 .2 .0
Red top 1120 3640 5650 .9 1.1 1.5
Russian wildrye 580 700 1410 1.2 1.9 1.7
1 Values greater than 1.0 indicated preference, values less than 1.0 indicated avoidance.
weeks, shifted to native range from mid-July until
sid-August, and then grazed the Russian wildrye
again until late October. Toward the end of the
grazing season awes preferred created whsatgrasa
during periods of deep snow and cold weather. The
preference for a certain type of herbage was
influenced not only by its palatability, but also
its seasonal availability and accessibility. (See
section on 'Winter Use).
A study evaluating cattle preference for
several forages, including crested wheatgraas, was
conducted at Kinsella, Alberta (annual rainfall 16.0
inchas)(Gesahe and Walton 1980, 1981). Six greases,
three legumes and a forage mixture were seeded into
three sets of pastures, each having four
replications of each forage. The forages were
grazed at three stages of maturity and grazing
preferences were assigned (Table 34). Values
greater than 1.0 indicated preference, less than 1.0
avoidance. Russian wildrye had the highest overall
rating, but lowest dry matter yield of the grasses,
attributed to wide row spacing (14 inches), and slow
establishment. Created wheatgraaa had the lowest
preference rating of the six greases. The rating
was highest at the vegetative stage, decreasing with
advancing maturity to zero at the seed ripe stage.
Gowns and Walton (1980) noted that each of the
forages tested on the University of Alberta tarn
were all common pasture species, any one of which
would be readily utilized by cattle	 if no
alternatives were offered. The relatively high
quality of all species in the early vegetative stage
encouraged more random grazing. During later
grazing periods forage quality differences became
such greater and the multiple regression equation
accounted for 94 percent of the variation in the
animal preference ratings.
I s -4.2 + .0412 + .0716 + .1219 - .0714 - .1217
where T = Animal preference rating
X 1 z % moisture
I2  % leaves 
(W/W)
I4 z % crude protein in leaves
17 = % crude protein in stem
18 z % crude fiber in stem
19 = % acid pepsin IN disappearance in stem
The moisture content of	 the forage was the major
positive influence on the preference rating
z .77) in the seed-ripe stage where
a 2.42 + .161 - I51 + .0111	 '	 8	 2
Many ranchers on semiarid	 rangeland know	 the
value of moisture to 'Soften up , mature forage and
increase its palatability. It is also 	 not
surprising that crude 	 protein, digestibility	 and
crude fiber components 	 appear	 in the regression
equations indicating their importance in determining
animal preference ratings.
Preference rankings are	 increased by	 some










High dry matter concentration
Low leaf:stem ratio
Preference rankings of crested wheatgraas depend
upon stage of growth. The Agropyrons are 'at their
best' in early spring, but 	 lose quality	 with
advancing maturity. The dry matter intake of cattle
restricted to mature crested wheatgrass will average
1.25 percent of body weight (Ha y stad et al. 1983)
even when the organic matter digestibility averages
only 33 to 43 percent. 	 This level is not sufficient
to maintain weight gains achieved earlier in the
grazing season (Fig. 18). Under such circumstances
cattle, if given a choice, would graze other species
that were more palatable and nutritious.
Palatability of created	 wheatgrass can be
manipulated to some extent by applying nitrogen
fertilizer. Thomas et al. (1964) applied nitrogen
to a crested wheatgrass pasture in the Black Hills.
The nitrogen increased yields, crude protein,
phosphorus and oalcium concentrations.	 Deer
preferred the nitrogen-fertilized grass because of
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Figure 18.--Digestible nitrogen	 (Dl!, Fig. a) and
digestible energy (DE, Fig. b) required for
maintenance plus 0.5 or 1.0 kg (1.1 or 2.2 lb) daily
gain by 250 kg (550 lb) yearling steers, the amount
of DI (Fig. a) and DE (Fig. b) they will get from
the range forage at Squaw Butte, Oregon, and the
average daily gain (Fig. c). The DM (Fig. d)
required by a cow-calf pair or cow alone, the DE
(Fig. e) required by the cow-calf pair, the amount
of DM (Fig. d) and DE (Fig. e) they will get from
the range forage at Squaw Butte,. and the average
daily gain (Fig. f) by the suckling calf (adapted
from Raleigh 1970).
Roberta (1977) noted cattle preference for nitrogen
fertilized	 crested wheatgrass when they broke into
an excloeure at Benner., Utah and selectively grazed
the fertilized plots.
There may be other factors that affect animal
preferences for given forages. Chewing insects may
have amino acid receptors that help select their
host plants. Grasshoppers and locusts detected and
preferentially fed on grasses treated with the amino
acids proline and	 valine (Haglund 1980). These
amino acids commonly increase	 in plants during
drought stress.	 This may explain why chewing
insects seek out drought-stressed plants, or it may
be simply	 the higher leaf/stem ratio (Table 24) in
the stressed plants. Cattle may &lac select forage
that may be slightly water stressed .
Springfield and Reynolds (1951) also evaluated
the grazing preferences of cattle for certain
grasses. The grasses bad been seeded into
one-quarter acre plots, in three replications. Four
years later it was grazed during the period 21
August through 12 September by 24 cows, 6 calves and
1 bull. This experiment was 	 conducted in the
Ponderosa	 pine type neer Vallecitos, New Mexico
where the annual precipitation averaged 22 inches.
Utilization was determined by clipping the forage at
the beginning, midpoint, and end of study.
2R.B. Murray, Dubois, Idaho, personal communication.










Is grazing continued and removed the more palatable
forage the less palatable species became	 more
important. By the second week dry matter intake of
big bluegrass was 43 percent and that of orchard-
grass was only 1 percent. Succulence strongly
influenced preference and dietary composition was
related to forage moisture concentration (r .69).
There was less discrimination when mature forage was
wet fro. rain or heavy dew.
Cattle preferences for cured herbage of six
grasses grown at Squaw Butte were evaluated by Hyder
and Sneva (1963b). Relative palatability or cattle
preference was evaluated in the	 first two	 weeks














Sheep at Swift Current (Heinrichs 1959) ranked
the palatability of grasses in the following order:
Russian wildrye > Summit crested wheatgrasa >
bromegrasa 3	 Fairway crested	 wheatgrass.	 In
September and October cattle and sheep gained weight
on Russian wildrye, but not on the other species.
It should be noted that d. AnnnrI2EMa ranked	 over
j. oristat, 	 when	 indexed	 for	 yield and
digestibility traits (see section Digestible
Nutrients).
Fourteen	 grass	 accessions,	 including	 nine
Asronvrona, were evaluated for yield, nutrient
quality and palatability to sheep at Dubois, Idaho
(Murray 1984). The results show a strong preference
for the Russian wildrye cultivare 	 and a low
preference for the	 41C2IIIK2na,	 especially	 in
midsummer (Table 35). Murray	 noted that	 when
preference was considered in the absence of	 seed
stalks, then all cultivars were similarly preferred
by sheep. Preference decreased as numbers of 	 seed
stalks increased.
Animal Performance
Created	 wheatgrasa initiates	 growth in early
spring. Dry	 matter	 continues	 to	 increase	 until
anthesia and than may remain static 	 for several
weeks prior to decreasing (Fig. 8). 	 Throughout this
period the	 leaf/stem ratio and	 forage quality
decline until late 	 summer or fall when standing
forage is mainly stems and seed heads. 	 An exception
to this decline occurs when fall moisture is
(Adequate for regrowth. A second exception occurs
when early grazing removes the reproductive point
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Table 35.--Nutrient quality and palatability characteristics of 14 grasses at the Dubois, Idaho Sheep
Experiment Station (adapted from Hurray 1984).
Accession
Re l at i ve value ___I____
(Ca+Mg) 3
Sheen uae
Index 5 RankLeafiness 1	Crude Protein2 5/14 7/14 9/15
----- Percent
Russian Wag=
Bozoisky 100 100 1.99 7.0 7.9 9.6 295 1
ram-V13 99 85 1.81 7.5 8.7 9.6 284 2
RWR-128 98 82 1.65 7.2 8.7 9.7 279 3
Tall Zama 93 72 2.23 5.1 8.3 9.1 252 4
=shuns& X
LUILCISMIN. 50 61 2.46 4.6 5.7 6.2 175 5
Amax= grAaraiala
Fairway-128 33 74 1.67 2.7 1.3 3.0 134 6
CWO-163 36 71 1.40 1.8 1.8 2.9 132 B
Fairway 38 72 1.17 1.9 1.1 1.7 128 9
CWG-R
lzrODYDOfl slasumtana
30 75 1.09 2.2 1.6 1.4 125 10
Norden 32 79 1.35 4.3 .5 1.2 134 7
CWG(N34-38) 36 71 1.32 2.0 .9 1.8 125 11
CWG ( 1 6-7) 22 79 1.38 2.2 .3 1.6 117 13
Amax= Ins 33 67 1.25 2.2 .9 1.5 118 12
I, =WALE X
j. fisna2cui 28 66 1.58 2.1 .8 1.1 110 14
1
2
Leafiness, as percent of biomass during late August, relative to Bosoisky Russian wildrye.
The sum of crude protein values for biomass relative to Rozoisky Russian wildrye.
ilExpressed on a chemical equivalency basis.
This is on a scale of 0 to 10 with 10 being =ilium use.
5The index is the sum of the leafiness on 3 July relative to maximum plus the sum of crude protein concentra-
tions on 30 June and 15 September relative to maximum, plus the sum of the sheep one values on the three
dates relative to maximum. All values were initially expressed on a percentage Denis for a possible 300
point maximua.
(apical moristem) and	 the plant produces	 mostly
leaves and few slid stalks.
Nutrient levels during the green-feed period
are adequate for grazing livestock (Springfield
1963, Watkins and Kearns 1956, and Voolfolk 1951).
There may be some exceptions to this, because
heavily lactating cows can lose weight on green
crested wheatgrasa 3 . Perhaps these animals were not
able to eat enough dry matter berms* high moisture
limited dry matter in the vegetative material.
After anthesis, weight gains of yearlings and calves
begin to decline.
Raleigh (1970) showed that the decline in
animal performance was associated with a decline in
digestible nitrogen and digestible energy in the
forage at Squaw Butte. Forage quality of crested
wheatgrass may be maintained for longer periods on
higher elevation ranges or where summer
precipitation encourages continued growth or
regrowth in the fall.
3 D.C. Adams, Niles City, Montana, personal
nommunication.
Cattle and sheep have been used to assess the
nutritive value of crested wheatgrass and other
grasses and legumes on Utah foothill ranges (Cook
and Stoddart 1961, Cook and Harris 1968, Houston and
Crick 1972). Weight gains produced by ewes, lambs,
cows, and calves during early spring grazing are
given in Table 36. Weight gains during late spring
began to decline as forage progressed toward
antbesis.
Table 36.--Weight gains by sheep and cattle grazing
crested wheatgrass on Utah foothills during early




Ewes	 Lambs	 Cows	 Calves
	
--- 	 ------ Pounds
Early spring	 .37	 .56	 1.5	 2.3
Late spring	 -.25	 .39'	 .3	 1.6
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Hart et al. (1983b) measured animal-grazing
performance on created wheatgraas grown at Cheyenne.
The pastures were grazed by steers during three
spring periods and calves during two autumn periods
at each of two stocking intensities (Table 37).
Steers grazing the highly nutritious spring growth
gained about 2.4 pounds per animal-day. Calves
grazing much lower quality forage during the autumn
period gained only about 20 percent of the steer
rate. In addition, calves gained only 12 pounds per
1000 pounds of forage, while steers gained 4 to 5
times more efficiently.
In a 12-year study conducted on seeded pastures
in central Colorado (Currie and Smith 1970),
yearling heifers grazed four forage grasses plus a
mixture of created wbeatgrass, yellow sweet clover,
smooth brume and intermediate wheatgrass. Weight
gains per acre and on a daily animal basis were:
fritaim faLAILsat
Smooth bros. 40.2 1.52
Crested wheatgraaa 59.2 1.67
Intermediate wheatgrasa 52.3 1.92
Mixture 71.6 1.81
Russian wildrye 48.8 1.53
The forage mixture produced the greatest gains over
the entire period even though it tended to become
dominated by created wheatgrass. Perhaps the
resulting mixture maintained a quality green-feed
period longer than the monocultures. Or perhaps the
heifers had a high preference for some of the feed,
ate more, and performed better. The possible animal
preference for species other than crested wheatgrass
might explain why it began to dominate the stand.
Stocking Intensity
Harris et al. (1958) measured the effects of
light (50%), moderate (65%), and heavy (80%
utilization) stocking rates with cattle on
L. grintntum in a Utah study. Spring grazing at the
moderate rate produced significantly greater
individual gains than grazing at the heavy rate.
Yields of rabbitbrush declined 53, 40, and 23
percent ender light, moderate, and heavy grazing
while yields of big sagebrush increased 6, 32, and
79 percent, respectively.
Table 37.--Beef production in spring by steers and
autumn by calves at two stocking rates on crested
wheatgrass at Cheyenne, Wyoming (Hart at al. 1983b).
Parameter	 590 lb steers 425 Ib calves
Stocking rate
Animals/acre .46 .64 .96 1.26
Days/sore 22 30 54 60
Days/1000 lba forage 23 32 24 31
Animal gain
Lbe/day 2.38 2.44 .58 .41
Lbs/acre 45 74 28 26
Lbs/1000 lbs forage 48 68 12 12
The longterm animal response to stocking
intensity will depend in part on the effect such
stocking rates have on plant vigor. Horton and
Weiasert (1970) studied plant vigor on three sites
in the oakbrush-sagebrush type of central Utah that
had been grazed at 15 to 25, 60 to 70, and 85 to 90
percent utilization for eight years. At the and of
that tine vigor was assured by average height of the
tallest seed stalk, dry weight per square inch of
basal cover, number of weed stalks per square foot,
and percentage ground cover. Vigor was highest with
the 60 to 70 percent utilization level.
Reynolds and Springfield (1953) measured weight
gains by cattle in northern New Mexico stocked at
light (15 to 35%), moderate (36 to 55%), heavy (56
to 75%), and very heavy (75% utilization).	 Daily
weight gains were 1.7, 1.8, 1.5, and 1.1 pounds per
animal with the 36 to 55 percent utilization rata
producing the most gain.
Weight gain responses were measured in another
New Mexico study for 1-month periods in early spring
(Springfield and Reid 1967). Cow-calf pairs in an
8-year study and yearlings in a 4-year study were
grazed on both crested wheatgraas and native range.






Weight gain by cows was largely	 compensatory gain,
but nevertheless	 the data	 illustrate	 the
availability and	 nutrition	 of the crested
wheatgrass.	 The poorer performance on native range
may have resulted from inadequate dry matter intake.
Grazing	 studies on crested	 wheatgraaa were
conducted as early as 1933 at Mandan, North Dakota
(Sarvis 1941). Two-year old steers grazed crested
wheatgrasa at an average intensity of 52 animal days
per acre (range of 14 to	 86)	 for eight years.
Grazing occurred from mid-May	 through July	 and
occasionally in August.	 Daily	 weight gains in
pounds were:
15 days in May	 3.92
30 days in June	 2.24
27 days in July	 1.63
18 days in August 	 1.30
Johanna (1959) reported	 the	 results of a
grazing intensity	 study	 on crested wheatgreas,
smooth brome, intermediate wheatgrass, Russian
wildrye,	 and	 a	 sweet	 clover-created
wheatgrass-smooth brow, mixture in central Colorado.
Grazing occurred from April or May to October on a
put-and-take approach. Cattle expressed a higher
preference for smooth brass than crested wheatgrass
in the mixture by	 grazing it to a shorter stubble
height. The mixture produced	 significantly more
herbage than either species alone (Table 38) largely
because of	 the presence	 of sweet clover.	 The
biennial life cycle of this clover was	 not
discussed.	 Yields decreased under all intensities
of grazing, perhaps due	 to	 decreased rainfall.
Grazing smooth brome and intermediate wheatgraaa to
2-inch stubble height reduced the stand, but grazing
Russian wildrye to	 1.5-inch	 stubble had little
effect on forage yield. Animal gains per day were
greatest on the intermediate wheatgrass. Gains per
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Table 38.--Mean annual forage and yearling heifer production under a five-pasture grazing system of four


















Forage production,lb/aore 1200 820 990 730 730 580 1320 1310 1040 910 1090 650 910 840 790
Utilization, percent 31 46 67 31 41 61 35 46 65 33 47 63 11 20 41
Yearling, days/acre 27 32 46 19 24 29 31 37 47 29 34 32 31 34 46
Yearling gains, lbs/day ---- 1.70 --- 1.70 ---- ---- 1.90 ----- 2.05 1.62----
Yearling gains, lba/bes4 60 ----- 46 TO 56 ----- ----- 50 ---------- ...!M•im• •••••MM - 	------
Yearling gains, lbs/aore ----- 51 ----- 37 ----- ----- 60 51 50 -----
1 Grazing intensities: Light (L), Moderate (M), and Heavy (H) corresponding to stubble heights of 6, 4, and
2 inches, respectively. Stubble heights for Russian wildrye were 4.5, 3, and 1.5 inches, respectively.
animal and gains per acre, however, were greatest
for the forage mixture.
Grazing intensity studies were 	 also conducted
on a crested	 wheatgrass stand in central Colorado
(Currie and Smith 1970). The intensity was judged
by a stubble height of 6, 4, 2, and 1 inch which
corresponded to a utilization of 31, 46, 67, and
81 percent, respectively. Forage production over
the 13-year study averaged 1300,	 1300, and 1200
pounds per acre for the 31, 46, 	 and 67 percent
utilization treatments. The authors concluded that
the 2-inch stubble height appeared to be an optimum
intensity of grazing.
Intensity data were also obtained from a study
conducted in a northeastern Nevada area of about
16 inches	 annual	 precipitation	 (Robertson
et al. 1970b). The 480-acre area was cleared of big
sagebrush and seeded with a mixture	 containing
fairway, Standard and western wheatgrass, and
bulbous bluegrass in 1944. Created wheatgrass soon
became the dominant species with stall amounts of
Sandberg bluegrass,	 bulbous	 bluegrass, and
atreambank	 wheatgrasa (ranked in	 decreasing
frequency). Forage yield during a 3-year period
averaged 1130 pounds per acre. Responses measured
on moderate and heavy intensity treatments were:
Another grazing intensity study on crested
wheatgrass was conducted on foothill range in
central Utah at 5600 feet elevation (Bleak and
Plummer 1954). Rwe-lamb pairs were stocked at three
intensity levels (light, moderato, and heavy) for
seven years (Table 39). Sheep were placed on the
pasture again in the fall at an intensity that
provided a total of 151, 158, and 167 sheep days per
acre for spring and fall on the light, moderate, and
heavy use treatments, respectively.	 Crested
wheatgraas maintained equally good production under
light (50) and moderate (71%) use during the 7-year
period, but declined on the heavy use 	 pasture
because many of the plants died and those that'were
alive were small. The rate of lamb gains was
slightly higher on the light versus moderate use
Table 39.--Sheep responses to grazing crested
wheatgrass at three intensities for Seven years in
central Utah (Bleak and Plummer 1954).
Parameter
	 Light Moderate Heavy















Gray and Springfield	 (1962) studied the
performance of ewe-lamb pairs at four stocking rates
on crested wheetgraes in northern Nov Mexico. The
3-year study provided the following results for Hay
and June use:
Light	 nomm
Forage utilization, $	 39	 84
Sheep days per acre	 75	 150
Lamb gains, lba	 76	 73
Created wheatgrass on these pastures produced 980
pomade dry matter per acre compared with only 110
pounds per acre on native range.
Lamb gains, lbs/day 	 .64	 .58	 .58







Sheep gain, lba/acre	 10.7	 7.5
	 2.4
Sheep gain, lbs/day	 .32	 .17	 .16
2Large year to year variation.
These same pastures were grazed in the spring.
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pasture, but gains per acre were higher on the
moderate pasture. There were no differences in
vegetation production between light and moderate use
pastures. However, during the last year of the
study Russian thistle 	 produced 80, 67, and 364
pounds dry matter per	 acre on the light, moderate,
and heavy use pastures.
Grazing experiments have been conducted at the
Lee A. Sharp Experimental Area in southcentral Idaho
since 1957. Stocking	 rate and animal performance
data were available for 1960 through 1965 (Sharp
1970) and are given in Table 40. Utilization rates
were 50, 65, and 80 percent at stocking rates of 12,
12.5, and 14.3 animal days per acre, which does not
provide a very wide spread. It does illustrate the
reduced performance by individual animals with a net
increase in overall 	 production at the higher
stocking rates during	 spring	 and tall. Animals
gained 125 pounds in spring and 32 pounds in fall
while the weight gains per acre were 40 and 8
pounds, respectively. 	 Weight	 gains by yearling
cattle averaged 2.05, 	 .95, and .56 pounds per
animal-day during	 spring	 (Hay-June), summer
(July-August)	 and	 fall	 (September-October).
respectively.
Sharp (1970) concluded that 15 years of heavy
spring grazing had not destroyed the stand of grass,
but forage production	 and	 stand density had
declined. Plant vigor and production of the heavily
grazed pastures were	 restored by two years of
deterred grazing during the green-feed period. ,
A grazing	 system and	 intensity study was
conduoted by Frischknecht and Harris (1968) and
Frischknecht et al. 	 (1953) on the Benmore
Experimental Area in northern Utah, at an elevation
of 5800 feet and annual precipitation of 12 to 13
inches. They determined cow and calf weight-gain
Table 40.--Yearling cattle responses to grazing
crested wheatgrass at three intensities for six
years in southern Idaho (adapted from Sharp 1970).
Utilization intensity
Parameter  Light	 Moderate	 Heavy
Utilization, percent 50 65 80
Stocking rate
Acres (AUM) 2.5 2.4 2.1
Animal days/acre 12 12.5 14.3
Spring grazing '
Gain per animal, lbs. 122 117 111
Gain per acre, lbs. 48 50 53
Fall grazing2
Gain per animal, lbs. 26 25 25
Gain per acre, lbs. 9 10 14
1 Spring grazing was primarily May and June.
2 Fall grazing was primarily September and October.
Table 41.--Crested wheatgrass utilization and animal
performance (Frischknecht and Harris 1968)
Variable Light Moderate Heavy
Utilization, percent 50 65 80
Cow days/acre 10 13 .% 17
Weight gain, lbs/day l
Cows 3.03 n 2.90a 2.21b
Calves 1.87a 1.87a 1.74b
Weight gain, lbs/acre
Cows	 29b	 36a	 35a
1 Data within a given row not followed by the same
latter are different at the 52 probability level.
responses to four grazing methods, each at three
grazing intensities for four years (Table 41). They
concluded that the moderate	 grazing rate was the
best for long term productivity of forage and beef.
Grazing Systems
Currie (1970) examined the influence of spring,
fall, and spring-fall grazing 	 on crested wheatgrass
grown on the Manitou Experimental Forest. He
reported that grazing crested wheatgrass to a 1-inch
stubble height for 10 years had little effect on the
vegetative characteristic's of the stand. Invasion
by other species was greatest	 under spring and
spring-fall use. Spring-fall use was most
productive (177 lbs beef/acre) and fall grazing




Animal performance on crested wheatgrass
utilised at 60 to 70 percent reflects both the
palatability and quality of the forage. Harris et
al. (1968) measured substantial weight gains by
yearlings during all seasons except late fall on the
Sensors Experimental Area. Weight gains by
yearlings, cows and calves for the various grazing
periods in pounds per day averaged:
25 April to 24 May	 2.75
24 May to 21 June	 1.48
21 June to 8 August 	 .99
8 August to 16 September	 .49
16 September to 31 October	 .59
31 October to 7 December	 -1.08
Lang and Landers (1960) evaluated a grazing
system on crested wbeatgrase in the early season
(Period I), intermediate wheatgrass during mid
season (Period II) and Russian wildrye during late
season (Period III) in southeastern Wyoming. These
gains were compared with those 	 on native shortgrass







Table 42.--Mean annual forage and animal production for three grazing systems evaluated at Manyherries,
Alberta (Seoliak 1968, Smoliak and Slan 1974).













Yearling sheep study, 10 years
Forage production, lbs/acre 832 393 646 813 453 677 821	 359	 600
Utilization, percent 40 47 63 46 49 65 32	 52	 63
Sheep days/acre 118 39 118 118 42 116 79
Sheep gains, lbs/day .18 .21 .23 .21 .23
Spring, 58 days .38 .35 .35 .35 .38
Summer, 53 days .19 .26 .26 .18 .24
Fall, 86 days .05 .08 .13 .13 .13______
Sheep gains, lbs/head 36.0 41.7 45.6 41.4 46.1
Sheep gains, lba/acre 21.7 8.3 26.3 16.5 18.5
Lba forage/lb gain 15.3 22.3 15.5 45
Yearling steer study, 6 years
Forage production, lbs/acre 310 1120 705 300 515 800	 305	 450
Utilization, percent 66 81 74 64 82 60	 72	 81
Steer days/acre 9 52 27 8 25 17
Steer gains, lbs/day 1.74 1.85 1.45 1.56
Spring, 65 days 2.21 2.41 2.02 ___________2.18
Summer, 41 days 2.01 2.05 1.86
Fall, 65 days 1.10 1.18 0.63
Steer gains, lbs/head 298ab 317a _2mo_
Steer gains, lba/acre 16.0b 96.2a 24.8b __________26.6b______
Lba forage/lb gain 19 12 46	 	 40 	
1Russian wildrye was seeded on 18-inch row spacing in the pasture continuously grazed by yearling steers, and
on 6-inch row spacing in all others.
Stocking intensity was 4 times greater on
seeded pastures. Beef gains per acre were 60 lbs on
seeded pastures, but only 20 lbs on native range.
Crested wheetgrass on three dissimilar sites in
Neveda vas grazed by cattle on seven schedules over
a 10-year study (Robertson et al. 1970). Quick
utilization was achieved by heavy stocking.
Alternate year or continuous protection from grazing
favored pocket gophers. Early grazing generally
resulted in an upward trend measured by most
indicators. Time of grazing exerted major effects.
Forage yields were not measured.
Smoliak (1968) evaluated weight gains of
yearling ewes on three different grazing systems
(continuous, rotation, free choice) at Nanyberries,
Alberta. Each involved created wbeetgrass, Russian
wildrye and native range. For the rotational system
eves started on created wheatgrass in spring, moved
to native in summer and then finished on Russian
wildrye in fall. Forage production, utilization and
we performanoe for the 10-year study are shown in
Table 42. The grazing period lasted about six
months beginning in late April or early May and
continuing through October. Eva live weight gains
were highest on the free choice pasture (46.1 lb)
and continuously grazed Russian vildrye (45.6 lb)
and lowest on the continuously grazed crested
wbeatgrasa (36.0 lb). Daily gains declined with
advancing season of use which was attributed to
decreasing nutritive value of all forage species.
Seasonal gains during spring were greatest on
continuous	 crested wheatgreas and free choice
pastures.	 During summer lowest gains were on
continuously grazed crested wheatgrass and the
native pasture grazed in rotation. For fall
grazing, systems containing Russian wildrye produced
the greatest weight gain. Gains per acre were
highest on the continuously grazed Russian wildrye
and lowest on the native range.
After completion of the 10-year sheep study,
the grating systems were reevaluated using yearling
steers (Smoliak and Men 1974), except that the
continuously- grazed crested wheatgrase treatment
was omitted. Steer gains were greatest with
continuous grazing on Russian vildrye, but this may
be due to its increased production when seeded in
18-inch row spacings (1120 lb/a) compered to 6-inch
spacings (480 lb/a). Sheep and steers on the free
choice system utilized Russian wildrye most and
created wheat/rasa least. It was unfortunate that
steer performance on continuously grazed created
wheatcrass was not included in the study. Results
may be biased because of the difference in row
spacing and yield of Russian wildrye. The basal
area of the grasses on the three systems did not
vary greatly between 1966 and 1973, except on the
rotation crested wheatgrasa where a 30 percent
reduction occurred. These results led Seoliak and
Bjorge (1981) to recommend a grazing calendar
illustrating the best use of various pasture types












Figure 19.--Grazing calendar showing periods of high
and low forage availability for pasture or rangeland
forage types in Alberta (adapted from Smalls& and
Bjorge 1981).
Lodge (1963) measured steer response to four
grazing ayatems on the sandhille of the northern
Great Plains. The systems were:
1. Rotation - created wheatgrase from May
to mid-June followed by native range
until September.
2. Free choice - free access to equal
areas of created wheatgraas and native
range from mid-June until September.
3. Complimentary - created wheatgrasa from
May to mid-June followed by access to
an equal sized area of native range
until September.
4. Native - native range from May until
September.
The grazing season averaged 137 days and produced
the results shown in Table 43.
A three-pasture system was evaluated using
yearling steers in a five year study at Dickenson,
North Dakota (Nyren at al. 1983). It compared
spring grazing of crested wheatgraas, summer grazing
of native rangeland, and fall grazing of Russian
wildrye (Table 44). One set of the crested and
native pastures was fertilized with nitrogen that
increased forage production by 42 and 50 percent and
beef production by 70 and 52 percent, respectively.
Utilization of Russian wildrye was similar to that
shown in Table 37 (79 vs. 81%), but the daily weight
gain was considerably less (.77 vs. 1.76 lb/day).
Table 43.--Steer performance on four grazing systems
in northern Great Plains (Lodge 1963).
Svnten
2 3
Gain, lbs/head 211 233 2113 185
Gain, lba/aore 34.7 38.7 34.9 20.1
Animal days/acre 22.5 22.8 19.7 14.9
Table 44.-Mean annual forage and animal production
from a three pasture system involving crested
wheatgrass, native range, and Russian wildrye in








Forage produotion,lbs/aore 2110 2680
Utilization, percent 54 40
Animal days/sore 41 38
Beef gains, lbs/day 1.63 1.63




Forage production, lba/a 3000 4010 1740
Utilization, percent 61 115 T9
Animal days/acre 83 57 46
Beef gains, lba/day 1.39 1.65 .73
Beef gains, lbs/acre 112 96 34
Lbs forage/lb beef 16 19 40
1 A11 Russian wildrye pastures were fertilized with
50 to 150 lbs N/acre plus 13 lbs Moro.
Whitman et al. (1963) compared weight gains of
steers grazing alfalfa plus crested wheatgrass with
those grazing crested wheatgrass alone. Two of four
crested wheatgrase pastures were seeded with
4 pounds of Ladak alfalfa and later grazed for 7
years during May and June. Forage and beef




Forage yield, lbs/acre 920 1170
Utilization, percent 81 82
Steer days/acre 43 56
Steer gain, lbs/day 2.07 2.08
Steer gain, lbs/acre 88 117
Lb forage/lh gain 8.5 8.2
The grass-legume forage contained about 15 percent
alfalfa with a higher yield and crude protein
concentration which allowed a higher stocking
intensity. Feed conversion ratios of 8 pounds of
forage per pound of gain are often one-half or less
than those calculated in Table 37, 42 or 44.
Another study conducted in the Northern Great
Plains evaluated the benefits of fertilizing crested
wheatgraas or growing it in a grass-legume mixture
(Rogler and Lorenz 1969). Forage yield, stocking
rate and beef production per acre were increased
when nitrogen was applied to crested wbeatgraas
(Table 45). Forage yield and beef production from
the grass-legume mixture were each increased about
30 percent compared with the unfertilized grass.
Yearling ateera were used to compare continuous
versus abort duration grazing on crested vheatgraas
at Squaw Butte (Daugherty et al. 1982). On short
duration grazing, animals were moved to new pasture
when 30 percent of the forage was utilized. The
study was conducted for two seasons and illustrated
a small increased weight gain by steers on the short
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Table 45.--Mean annual forage and beef production on
crested wheatgrass fertilized or grown in mixture
with Ladak alfalfa at Mandan, North Dakota (Rogler
and Lorenz 1969).'
duration pasture when compared with continuous
grazing (Fig. 20). This s cream , type grazing (30%
utilization) would use the more nutritious plant
parts for maintenance and weight gain whereas the
remaining	 forage might be used by	 livestock	 where
only maintenance was	 required (Raleigh 1970). 	 This
would work beat under a fall-calving program.
Sheep were	 used	 by	 Campbell	 (1961) at Swift
Responses on pastures treated with
Parameter	 OH	 40N	 80N	 Mixture
Forage yield,lbs/aare 1740a 2760o 3120d 2240b Currant	 to evaluate continuous and rotation	 grazed
Utilization, percent	 52 60 60 63 grass-legume	 aixtures (Table 46). 	 Forage	 yields,
Steer days/acre 38 66 71 48 utilization and stocking rates were higher here than
Steer gains, lbs/day 2.66 2.63 2.53 2.82 reported	 for	 the	 sheep	 study	 in	 Table	 42.
Steer gains,lbs/acre 101a 1690 176c 135b Continuously grazed Russian wildrye with or without
Lha forage/lb beef 9.1 9.8 10.4 10.3 alfalfa outperformed crested 	 wheatgrass	 (Tables 42
and 46).
1 Mebane on a given line followed by the same letter
do not differ at Fo.05.
Frischknecht et al. (1953) measured cow/calf
performance over four years on crested wheatgrass at
Senors. Animals were stocked at light (50%),
moderate (65%), and heavy (80% utilization)
intensity. Superimposed on stocking rates were four
methods of spring grazing. The treatments included







three sections of the pasture so as 	 to	 graze	 each
section	 twice	 during	 a	 60-day	 season;	 (2)
continuous;	 (3)	 10-day	 deferred	 where	 grazing
started 10 days late; (4) 10-day short where grazing
terminated 10 days early.	 Pastures in the first two
groups were grazed for about 60 days 	 in	 the spring
while those in the latter two groups were grazed for
about 50 days.	 The animal gains in	 pounds	 were as
shown	 in	 Table	 47.	 The four methods had 	 little
influence on calf gains and trends	 did	 not	 follow
those of the cows.	 Early removal resulted in higher
weight	 gains	 by	 cows	 because	 of	 higher	 forage
quality early in the spring.




Figure 20.--Dally weight gains by steers grazing
crested wheatgrass on short duration (s) or
continuous (0) systems in eastern Oregon (adapted
from Daugherty at al. 1982).
Reproduction, weight gain, and milk or wool
produotion are traits controlled by genetics and
influenced by environment. The latter includes
temperature and availability and quality of both
drinking water and forage. When the forage diet is
inadequate for a desired level of production, it may
be supplemented to correct the deficiency (Raleigh
1970). Supplements include salt (NaCl), crude
protein, energy, and other minerals and vitamins.
Supplementation may be provided orally via inorganic
sources such as sodium chloride, biurat (nonprotein
Table 46.—Mean annual forage and yearling ewe production for continuous and rotation grazing systems on three






+al falfa +*1 fal fa	 +alfalfa






Forage production, lbs/acre 1160 1120 1210 1560 1340 1145 1350
Utilization, percent 86 79 90 85 79 82 82
Sheep days/acre 358 325 361 400 398 322 373
Sheep gains, lbs/day .10 .11 .14 .14 .08 .12 .11
Sheep gains, lbs/head 14 14 24 5 3 6 14
Sheep gains, lbs/acre 35 36 50 55 32 40 42
Lbs forage per lb gain 26 24 21 24 33 23 26
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Table 47.--The effect of four systems on gains of
animals, grazing spring growth of crested
wheatgrass, (Frischknecht et al. 1953).
Da 4 n /del- alai:LC=1i
Cows /	Calves	 COWS
Founds
Rotation 2.53a 1.79 34
Continuous 2.70a 1.87 33
10-Day deferred 2.68a 1.82 34
10-Day short 2.95b 1.83 33
/Means not followed by similar letters are different
at P (.05.
nitrogen), monosodium phosphate, magnesium oxide,
and various	 iodine	 salts. Injectable forms of
copper and	 selenium are used to meet animal
requirements or pellets, bullets, or wires lonpoaed
o: cobalt, copper, magnesium, or selenium an be
placed in the rumen-reticulue to supplement dietary
availability of these elements. The latter method
has Lad varying degrees of sueoess.
Protein may be provided as alfalfa hay or as
meal from soybean, cottonseed, rape, or other high
nitrogen seeds. Energy la often provided as barley
or corn. Energy supplementation can sometimes be
detrimental to performance of cattle grazing poor
quality forage (Harris et al. 1968 and fartohner
1981). To sake the most profitable decisions it is
important to know what the animal needs for a
desired level of production, what the animal is
preseivay getting in the diet, and teen -chat
supp.ement is needeu to sake up the deficiency if
one occurs (Raleigh 1970).
Wallace et al. (1963) measured the weight Rain
response of yearling rattle on crested wheatgrass at
Squaw Butte to energy (barley), protein (otttonseed
meal), and sal.. (1aC1) supplements. Cattle grazed a
common paatura from aid-May i.hrough August and were
penned to receive their mosigaed supplement. MO
barley was fed at	 two pounds per animal day and
cottonseed meal at a rate to assure that overaal
protein intake was about 10 percent of the diat.
The least-squares wean values for daily weight gain
(PC.(*) were combined for simplification:
1. Energy-supplemented animals gained more
(1.83 vs 1.70 lb/day) that controls.
2. Protein-supplemented animals gained
more ( 1 .83 vs 1.69 ibiday) than
controls.
3. Salt-auppleatnted animals gained the
same (1.78 lhaday) as owntrals.
The effects	 of additional energy appeared more
favorable when forage ass limited or when dry 'setter
concentrations were low.	 The benefit of protein
suPnementation occurred daring the latter part cf
the season when protein levels In the forage were
low "
Another approach to supplementation is to
increase the diversity of the forage base that is
inherent in native rangelands and to some extent it
grass-legume mixtures. In both cases succulent
forage having a relatively high feed value is
available for a longer period of time then in
monoculture grass, especially crested wheatgrass.
Another approach is the interseeding of grass
atands with palatable shrubs. Springfield (1960)
observed sheep making comparatively heavy use of big
sagebrush, silver sagebrush, rubber rabbitbrush, end
Douglas rabbitbrush in northern New Mexico. Manna
et al. (1982) reported that shrubs were oonaistraly
higher in both total and digestible protein then
crested wheatarase. Pregnant ewes grazing mature
crested whePtgrass and supplementing their diets
with shrubs Joule have to consume 56 percent
fourwiag saltbush or 69 percent winterfat to e get
their requirements. Mountain big sagebrush sod
rubber rabbitbrush were lower in digestible protein
and therefore could not be used alone or with
crested wheatgraes if the pregnant ewe was to
receive adequate pro teiu..
Witter Use
;anima et al. (1942) determined the
performance of long-yearling steers when wintered as
crested wheatgrass either as bay or standing gross
at Judith Basin. Steers receiving average qrailte
crested wheatgrass ham plus 1 lb/day of a ampolemot
containing cottonseed, molasses and beet pulp gained
1 lb/day voile those receiving 3 Iles of suposistsest
gained 1.2 lb/day. Similar steers pastured on eared
crested wheatgrass gained 0 lbs if given 1 lb of
supplement or 1.34 lbs ii given 3 lba of supplersIa.
Steera fed prebllou Fairway plus 3 lbs of supeitmeat
gained 1.5i. lb/day . The authors noted that petits
steers preferred Fairwey to Standara when	 not
covered with :mow.
Sheep were	 used to compare diet salemelem from
a stand of	 crested wheatgrass or a Maud
scrub-crested wheatgraas field during early, rid ima
late January (Gale and Provenza, In Press). Sheep
glazing grass pasture consumed diets that wore A04
.5 percent mature grass and i5 percent greet
vegetative growth during the first twc periods. la
late Janu,lry green feed was no longer swattlable
because of trampling and snow cover amid ebristp
consumed diets containing 93 percent matoze samm
Sheep grazing the grass-shrub pesturee eamammeed
about 50 percent shrub ana 50 percent gra:sawing
all three peviods. Sheep on the mixed restaarse
consumed diets that were higher in crude prowls
than those grazing only gears during the early Ma
vs. 5.8% CP), mid t7.3 vs. 6.6% CP) and late pexiat
(7.9 vs. 4.6% 1P). The in vitro organic mattez
digestibilities of the dim were higher cm Olt
sited pasture during the early (48 vs. 45%), lad (a0
lin. 29%) and late period (32 vs. 24%). Utiliser:toe
of shrubs was tinterfat (14O%) fourwing saitbeen
(19%), bitte:bruah (52%), finer: Kochi& (34l;,
sagebrush (29%) and rubber rabbitb:ush (177.).
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Antiquality Factors
Sone (orbs	 and	 shrubs contain	 organic or
inorganic compounds that pose health	 hazards to
grazing livestock. Even some grasses contain toxins
produced either by their ern	 metabolise	 or that of
eadophytic organisms associated with the plant.
Created wheatgrase does not contain significant
amounts of any of these toxic oompounds, except for
occasionally high levels of certain elements,
nitrates, or trans-aconitio acid. The letter may
redeem magnesium availability to livestock.
The literature contains some information on the
accumulation of mineral elements in crested
abeetgraes. It is not unoommon for spring and well
water in semiarid areas to be high in fluorine (F).
For example, high levels of fluorine are present in
thermal springs throughout the Great Basin and Snake
River Plains; concentrations frequently range from 2
to IT ppm while the concentration in plants ranges
fray 0.1 to over 220 ppm depending on the species
and soils. Fluorosis of animals is attributed to
the fluorine in forage and drinking water. Kubota
et al. (1982) collected over 300 plant sawn= in






Grasses	 2.3	 .1 - 70
Sedges	 7.0	 .4 - 42
Rushes	 4.7	 .2 - 224
Desert shrub
Leaves	 1.3	 .1 - 12
Stems	 1.1	 .4-	 7
Fluorine concentrations decreased	 with	 increasing
distance to the fluorine source or spring.
Fallout from ore smelters may	 be a source of
large amounts of fluorine. Severson and Cough
(1976) publianed data on elements in soil and plant
material in relation to distance from the phosphorus
=sitar at Pocatello, Idaho. Fluorosis was observed
in a dairy herd located several allas downwind from
the smelter (Mayland, unpublished). In general,
however, high-fluorine levels	 will	 not be found in
crested wbeatgrass.
Blasi and Landers (1979) evaluated crested
ebeatgraa* forage production	 along	 Interstate
algeway 90 in northeastern Wyoming. 	 They concluded
that grass grown in the medians and borrow areas was
a valusble source of quality	 hay.	 The areas
received run-on =ter and forage generally contained
adequate crude protein, calcium,	 phosphorus and
magmeelum for maintenance. The lead content ranged
from 3.9 to 4.3 ppm which was not toxic.
Both sulfur	 (5) and selenium (Se) are required
for animal health. High sulfur Levels might occur
e fallout rims ore smelters	 and	 power-generatiLg
plants that burn coal. another, 	 but fortunately
infrequent, source wee	 the ash fallout from the
Mt. St. Helen	 eruption (Mahler 1984, Sneva
et at. 1982). Sulfur	 may	 not	 occur in toxic
oanceetrations in itself,	 but	 say reduce the
availability of	 selenium to slants and animals
(Mlichunas et a/. 1983). 	 in other sitnationa,
agronomic practices	 that suddenly increase orrp
yields my red's**	 or dilute the selenium
coacestrations in forage (West:x.42u add Robbins
1974). If this occurs	 where	 forage selenium
concentrations	 are	 marginal,	 then selenium
deficiencies may	 appear	 in livestock, indicated by
the occurrence of "Whit n 	 Muscle Disease', in calves,
lambs, and	 other young animals. 	 This problem has
occurred many times in the Snake River and Columbia
Plateau regions	 and	 is of great	 importance to
livestock producers. However, the aulfumaelenlum
interaction occurs =at often on irrigated lands and
therefore is not a problem associated with created
wheatgraas.
Soils	 derived from sedimentary 	 materials may
have high selenium levels.	 Crops	 grown on these
soils will contain corresponding levels of selenium.
Created iddeatgress	 grown	 in Lyman	 County, South
Dakota, had 2 ppm S. in forage and	 7 ppm Se in the
heads (Williams et al. 1941). These values are
probably similar to those of other grasses grown on
the same soils. Sach concentrations of selenium are
marginally toxic to animals.
	
Lambert and Blinooe	 (19711 collected crested
wneatgraes	 frog	11	 rites	 in northern Nevada and
found them to contain 0.6 	 to 23 ppm cobalt with a
me= of 6.9. They	 were able to	 confirm these
unusually nigh concentrations in	 the wheatgrase
=spies by several analytical methods.	 While these
cobalt concenarations may not be nigh enough to be
toxin to livestock, they could interact with other
elements. The authors suggested that the nurronyrone
may accumulate	 cobalt.	 dayland	 (Lnpublished)
sampled waisted wheatgrass from two of the 11 sites
and measured concentrations of less 	 than .2 ppm,
which appear normal compared with other forages.
Ferbaps the 127' samples were contaminated sometime
between harvest and analysis.
	
Interactions between	 elements	 may greably
affect the	 availability of each.	 For example
molybdenum, sulfur, and possibly manganese reduce
copper availability to the grazing animal. Yearling
heifers were fed tall fescue or quackgrass with the
following	 elemental	 profile	 in	 ppm (State=
et al. 1 979)
	










The animals on the tall fescue had rapidly declining
levels' of liver and plat= copper, whereas those on
the quackgrass maiitnined normal copper levels.
High nitrate levels in herbage can be found in
rapidly growing, nitrogen-fertilized green or in
plants that become droughty while growing or fertile
soil. Forage containing 1000 to 2200 ppm 110-11 (0.5
to 1.0% nitrate) is safe	 for most animals, but
higner levels rt nitrate may produce haemoglobinuria
and death	 in livestock. Lawrence	 et al.	 (1981)
were able to increase aitrate nitrogen levels to
more than	 2C00	 cpm	 in crested	 irbastgrass by
irrigation	 And	 fertilizing with	 350 pounds of
nitrogen,	 out	 levels	 declined	 with increasing
maturity. Nitrate toxicity is not a likely proalem
in created wheatgreaa 	 grown without irrigation and
onll, modest amounts of nitrogen fertilizer.
253
Grasses contain Silica (Sic2 ) in concentrations
approaching 10 percent on a dry matter basis
(Mayland, unpublished), but forbs seldom have
greater than .5 percent Si02. Some of the silica in
grass is distributed as opaline silica bodies in the
leaves. Their shape and color are unique for genera
and can be used to identify the grassland type of a
site even thousands of years after its disappearance
(31ackaan 1971).
Silica reduces the digestibility of herbage by
about three percentage units for each unit of silica
(Mayland, unpublished). rnn mechanism is not known,
out may relate to the silica acting as a varnish on
the call wall, or to its precipitation with some
trace mineral, limiting its availability to rams
flora. another mechanises may entail the
inactivation of some enzymatic reaction during
rumination.
Silica is also responsible for the development
of silica urolithiasis (water belly) in livestock,
especially castrated males (Bailey 1981). The
problem is particularly acute in the northern Great
Plains. A4 eight-year survey was conducted in two
areas, one with a low incidence and the other with a
high inoldence of urolithiasia in grazing animals
(Roseau et al. 1966). Silica concentrations were
not different between the two areas, but were higher
in grasses and sedges than in (orbs and shrubs. It
was apparent that reduced water intake by the
livestock was as each of a problem as silica in the
forage in induoing urolithiasis. A combination of
low water intake with a forage silica content
greater than two percent could be expected to induce
the condition.
Soil ingestion can also affect animal health.
The soil might be a source of mall amounts of acme
trace elamenta. On the other hand, soils might
absorb some elements. For example, same soils have
tNe capacity to absorb phosphorus and ingestion by
the animal could increase the dietary requirement.
Mayland et al. (1977) measured :soil ingestion of 1.6
to 2.2 pounds per day by heifers grazing created
abaatgraus during June and August in southcentral
Idaho. Soil LapactIon of the gastrointestinal tract
can be ratal, impel:1011y In lambs and horses. Most
importr.ntly, soil ingestion can increase the rate of
tooth wear and reduce productive lifetime of
breeding animals. The author is aware of eight-year
old cows from one area that have worn teeth
resembling those of 12-year old cows from another
area. Local cattle buyers are known to take this
into consiceration.
Grass Tetany
Grass tetany (hyposagneeemia) is probably the
most important antiquality factor associated with
crested wheatgrass. Magnesium deficiency 	 has
produced large numbers of deaths and production
losses in cattle and sheep. Mayland (unputlishod)
estimated that in the United States 30 percent of
these losses occurred on crested wheatgress,
percent on tell fescue, and the remaining 30 percent
co perennial ryagrass, cereal grain forages, other
cool season grasses, fodder., and hays (including
alfalfa, Bohan at al. 1977).
Grass tetany is a deficiency of magnesium to
the ruminant. The problem can result from a simple
defioienoy of magnesium in the diet, but more often
from reduced availability of forage magnesium to the
grazing animal. This reduc..ior is attributed to a
number of factors (Fig. 21).
Spring tetany 000urs most often in older,
lactating cows recently turned onto crested
wheatgrass seedinga. Forage grmrth preceding the
occurrence of grass tetany is limited by cool ar dry
conditions. Rapid charges in weather conditions
moulting in a flush of growth and the dealt/orient
of 'washy' feed (law dry matter content) are often
followed by grass tetany (Mayland and Grunes 1974b).
The rapidly growing crested wheatgraas forage will
contain high concentrations of trans-aconitic acid
(Stout rt al. 1 067, Stuart et al. 1973, .upland and
Gramma 1979). It has been assumed that
trans-aconitic and other organic acids are in some
way associated with d reduction in magnesium
availability. The field observations made by
Mayland and ooworkero were conducted on seedings of
a:Andard crested wMatgraaa. fforlan and standard
aocumulate aconitio acid whereas Fairway (vested
whea4rass accumulates &alio acid as shown jr. the








It is not known she Cher Mere is a greater risk to
tetany from grazing Nordaa than Fairway.
Russell and Van Soest (1984) reported that an in
vitro feraentatIon of c-ans-aconitic acid by miiiT
rumen bacteria led to the forms tion of tricarbal-
lylic acid that appears as an end product of
aconitic acid metabolism. Evidence exists 4 that it
slay block portions of tk.a citric acid cycle.
Obviously. such Ls yet to 13e learned about the role
of organic acids in magnesium team!.
Nlevateu concentrations of higher fatty acids
(11F1) occur in crested wheatgraas coincident to the
tetany (Stuart at al. 1973). Unsaturated !WA forms
water-ansoluble soaps with magnesium and calcium
which are than r.:areted in the feces (Mayland and
Grunee 1979). Nitrogen fertilization of grass
pastures increases the tetany hazard and was shown
by Mayland et al. (1976) to increase the HFA
concentration in crested wheaLgraas (Fig. 22).
Nitrogen concentrations in created wheatgrasa
parallel tLe concentrations of total inorganic
acids, aoonitic acid, and RFA. Thus, forage
nitrogen values are elevated when grass tetany
occurs. Mrah of *.his nitrogen exists as non-protein
nitrogen (NPN), which after ingestion is readily









Reduced VFA and pCO2













Blood serum Mg < Lanni 100m1







Cold. wet weather  
Low energy
Low - Mg. Milt
Low - Cfude rib,.
Flpll -	 14143. etch      
11Wall WA, IS/(Ca +lig)
High - K. 04, organic scidu
Low - Mg dry matter, crude fiber




Low ternperatare I Low solar radiation
SOIL
High - ia. Knit& Ai
Low - Mg, M. Soil 02
Mleli - N & K rertlization













available to the rumen flora. Total water soluble
carbohydrate (TWSC) concentrations in the wbeatgrass
are particularly low at this time, because the plant
used this energy source for rapid growth. Mayland
at al. (19740, 1975) reported that the N/TWSC values
in crested vheatgrase peaked with the occurrence of
grass tetany on the San Jacinto seedinga south of
Jackpot, Nevada (Fig. 23). The authors hypothesized
that high NPN and low IIISC resulted in excess
ammonia (11B1 ), increased pH, and reduced magnesium
avallabilitt. Later work by House and Mayland
(1976) and Madsen et al. (1976) verified the
hypothesis that elevated N/TW3C in the diet resulted
in reduced magnesium availability.
The elemental cation concentrations in the
forage also relate to the tetany hazard. Increased
levels of potassium in the forage reduce the amount
of magnesium absorbed by the animal (Fontenot 1979).
Researchers related the chemical equivalency ratio
of potassium (magnesium and calcium) in forage to
the incidence of grass tetany (Mayland and Grunee
1979, Thill and George 1975). Animal death loss
increases exponentially with an increase in the
ratio and, at a value of 2.2, say reach 3 percent.
At a ratio of 3.0, looses may exceed 10 percent.
A second approach, now identified as the Dutch
nomograph	 (Mayland and Crumbs 1979), uses
information on forage nitrogen, magnesium, and
potassium to predict the potential tetany hazard of
the forage.
Fertilizing pastures or dusting forage with
various magnesium salts has helped to reduce the
incidence of grass tetany on acid soils in humid
regions (Wilkinson and Stuademann 1979). Crested
wheatgrass is grown in the semiarid areas of the
western United States and Canada where soils are
generally calcareous and contain abundant levels of
calcium and magnesium. Under these conditions, the
application of magnesium is not a practical method
of increasing magnesium in forage (Mayland and
Grimes 1974a).
Figure 22.--Higher fatty acid concentrations in
relation to the total herbage nitrogen in Nordan
crested wheatgrass and cereal wheat (adapted from
Mayland et al. 1976).
Figure 23.--The ratio of total nitrogen to total
water soluble carbohydrates (N/TuSC) in crested
wheatgrass as affected by . N fertilization and its
relation to the occurrence of grass tetany in
northeastern Nevada (Mayland it al. 1975).
256
Controlling grass tetany on large pastures of
created wheatgrasa can be accomplished by one or
more of the following practices (Grunes and Mayland
1975).
1. Feed a supplement that will provide
1/2 oz of Magnesium per animal each
day.
2. Magnesium sulfate as Epsom salt can be
given in the drinking water if animals
water only from closed water ayetems.
3. Animals that incur grass tetany may be
given injections of magnesium sulfate
or calcium-magnesium gluoonate.
4. Use of native pastures or deferred
seeded pastures is somewhat helpful,
but animals are able to selectively
graze the new growth which is the cause
of the problem.
CONCLUSIONS
Crested wheatgrass is a valuable forage
resource on semiarid rangeland in the western United
States and Canada. It is tolerant of occasional
drought or overgrazing. It provides feed several
weeks earlier in the spring than native range, and
yields are consistently greater than on native
range. Forage yields within given areas are
generally proportional to annual precipitation. The
generally higher amounts and summer frequencies of
rainfall in the Northern Greet Plains compared with
the Great Basin, Snake River, and Columbia Plateau
regions favors higher forage yields. Overall yield
and forage quality of the wheatgraas grown in the
Northern Great Plains are often increased by
planting alternate rows of creeping-rooted alfalfas
with the grass. Wider row spacings, up to 24 inches
apart, favor long-term yield, of crested wheatgrass
in the Northern Great Plains. However, information
from areas west of the Rocky Mountains does not
confirm this relationship.
The use of chemicals to prevent the development
of reproductive florets or clipping and grazing
management that removes the floret will result in a
larger proportion of leaves. Dry matter yield
reductions attributed to the absence of seed stalks
can be accepted periodically in favor of the high
quality leafy material. More research on these
relationships is desirable.
Yield evaluations generally show similar
productivity ranges for A. desartorua Ang,
qrletatim, but lower ranges for j. fraeile.
Breeding and selection programs indicate that a
broad base of genetic material is available through
which progrees can be made for improved stand
establishment, forage yield, and forage quality.
Animal responses to these new materials must be
carefully evaluated.
PUBLICATIONS CITED
Allaway, W.H. 1975. The effect of soils and fer-
tilizers on human and animal nutrition. USDA Agr.
Res. Serv. Bull. 378. 52 p.
Angell, R.F., B.F. Miller and N.B. Ref/rice*. 1984.
Defoliation and growth of crested wheatgrass. II.
Defoliation effects on nutritive value, p. 18-21.
In: Research in beef cattle nutrition and manage-
ment. Oregon Agr. Exp. Sta. Spec. Rep. 714.
Anonymous. 1957. Investigation. of the North Dakota
Agricultural Experiment Station. Fargo, ND. 44 p.
Bailey, C.B. 1981. Silica metabolism and silica
urolithiosis in ruminants: a revise. Can. J. Amin.
Sol. 61:219-235.
Beacon, S.E., S.O. Thorlaciva and J.B. Troelsen.
1973. Effects of pelleting, roughage level, and
hormone implantation on the utilization of finely
ground crested wheatgrass by growing lambs. Can.
J. An/A. Sci. 53:725-731.
Bede/1, T.E. 1973. Clipping effects on graft& fore,
yield, and nutritive quality of created wheatgrass
in eastern Wyoming. Wyoming Agr. Exp. Sta. Res.
J. 76. 16 p.
Bennett,	 D.W. Pitaan, D.C. Tingey, D.R.
McAllister, R.B. Peterson and I.O. Sampson. 1954.
Fifty years of dryland research at the Napa Field
Station. Utah Agr. Exp. Sta. Bull. 371. 81 p.
Bezeau, L.M., A. Johnston and S. Smoliak. 1966.
Silica and protein content of mixed prairie and
fescue grassland vegetation and its relationship
to the incidence of silica urolithiosis. Can. J.
Plant Sol- 46:625-631.
Birch, T.L. and R.L. Lang. 1961. Dryland grass-
seed production as affected by three rates of ni-
trogen fertilization. Wyoming Agr. Exp. Sta. Bull.
382. 8 p.
Black, A.L. 1968. Nitrogen and phosphorus ferti-
lization for production of crested wheatgrass and
native grass in northeastern Montana. Agron. J.
60:213-216.
Blackman, E. 1971. Opaline silica bodies in the
range greases of southern Alberta. Can. J. Bet.
49:769-781.
Blaisdell, J.P. 1949. Competition between semetrush
seedlings and reseeded grasses. Ecology 30: 512-519.
Bleak, A.T. and V. Keller. 1974. Crested wheat-
grass yields as influenced by water conservation
practices. Agron. J. 66:326-328.
Bleak, A.T. and A.P. Plummer. 1954. Grazing crested
wheatgrass by sheep. J. Range Manage. 7:63-S8.
Blinn**, C. and T.L. Lambert. 1972. Mioronutrient
trace element composition of created wheatgrasa.
J. Range Manage. 25:128-129.
257
Rahman, V.R., D.M. Stuart and I.I. Hackett. 1977.
The mineral composition of Nevada hays as related
to grass tetany, p. 137-140. In: Proc. Western
Sec., Amer. Soc. Anim. Sci. Brigham Young Univ.,
Provo, Utah.
Brown, P.L., A.D. Halvorson, F.H. Siddoway, H.F.
ftyland and M.R. Miller. 1982. Sallmm-seep diagnosis,
control, and reclamation. USDA Agr. Res. &m .o. Agr.
Conaerv. Res. Rep. 30. 22 p.
Buglass, E. 1964. Seed production of crested wheat-
grass as influenced by various =mamma practices.
Can. J. Plant Sci. 44:66-73.
Caldwell, N.M. and J.H. Richards. Competing root
systems: Morphology and models of absorption. .
T. Givnish and R.H. Robiohaux (edx). Economy of
plant form and function. Cambridge Univ. Press. In
Press, 1985.
Caldwell, N.M. and J.H. Richards. 1986. Competing
root systess: n orphology and models of
absorption. p. 251-273. In: T.J. Givnish (ed.).
On the economy of plant fora and function.
Cambridge Univ. Press, Cambridge, U.K.
Campbell, J.B. 1961. Continuous versus repeated-
seasonal grazing of grass-alfalfa mixtures at Swift
Current, Saskatchewan. J. Range Manage. 14:72-77.
Clarke, S.E. and E.W. Tisdale. 1945. The chemical
composition of native forage plants of southern
Alberta and Saskatchewan in relation to grazing .
practices. Canada Dep. Agr. Tech. Bull. 54. 60 p.
Cook, C.W. 1959. The effect of site on the palata-
bility and nutritive content of seeded wheats:manes.
J. Range Manage. 12:289-292.
Cook, C.W. and L.E. Harris. 1968. Nutritive value
of seasonal ranges. Utah Agr. Exp. Sta. ball. 472.
55 p.
Cook, C.W. and L.A. Stoddart. 1961. Nutrient intake
and livestock responses on seeded foothill ranges.
J. Anim. Sci. 20:36-41.
Cook, C.W., L.A. Stoddart and F.E. Kinninger. 1958.
Responses of crested wheatgrass to various clipping
treatments. Fool. Monogr. 28:237-272.
Cooper, C.S. and D.N. Hyder. 1958. Adaptability and
yield of eleven grasses grown on the Oregon high
desert. J. Range Manage. 11:235-237.
Cornelius, D.R. and M.W. Talbot. 1955. Rangeland
improvement through seeding and weed control on east
slope Sierra Nevada and on southern Cascade Moun-
tains. USD/ Forest Serv. Agr. Handbook 88. 51 p.
Cornelius, D.R. and D.E. Williams. 1961. *mattress
variety performance on summer rangeland in arthematern
California. Agron. J. 53:328-331.
Coulman, B.E. and R.P. Knowles. 1974. Variability
for is vitro digestibility of crested wheatgrasa.
Can. J. Plant Sol. 54:651-657.
Currie, P.O. 1970. Influence of spring, fall, add
spring-fall grazing on crested wbeatgrass range.
J. Range Manage. 23:103-108.
Currie, P.O. and D.R. Smith. 1970. Response of
seeded ranges to different grazing intensities.
USDA Forest Serv. Prod. Rep. 112. 41 p.
Daugherty, D.A., C.M. Britton and H.A. Turner. /982.
Grazing management of created wheatgrass range for
yearling steers. J. Range Manage. 35:347-350.
Dewey, D.R. 1983. Historical and current taxonomic
perspectives of Agronymn„ Itivmos, and related
genera. Crop Sal. 23:637-642.
Dewey, D.R. and K.H. Away. 1975. The crested wheat-
grasses of Iran. Crop Soi. 15:844-849.
Di/lamn, A.C. 1946. The beginnings of crested wheat-
grass in North America. J. Amer Soo. Agron.
38:237-250. (now Agron. J.)
Douglass, J.R. and N.C. Cook. 1954. The beet
leafhopper. U.S. Dep. Agr. Circ. 942. 21 p.
Dormaar, J.F., A. Johnston and S. Smoliak. 1978.
Ummt..term nail changes immolated with seeded stands
of crested wheatgrass in southeastern Alberta,
Canada, p. 623-625. In: D.S. Ryder (ed.). Proc.
First Int. Rangeland Congrees. Denver, Cola.
Dye, W.B. 1962. A micronutrient survey of Nevada
forage. Nevada Agr. Exp. Sta. Tech. Bull. 227.
67 P.
R.J. and H.T. Shacklette. 1982. Geochem-
istry of some rocks, Mine spoils, stress sediments,
soils, plants, and waters in the Western Energy
Region of the conterminous United States. U.S.
Gaol. Surv. Prof. Pap. 1237. /73 P.
Eckert, R.E. Jr., A.T. Bleak and J.H. Robertson.
196/. Effects of macro- and micro-nutrients on
the yield of crested wbeatgrass. J. Range Manage.
14:149-155.
Eckert, R.E. Jr. and R.A. Evans. 1963. %swam of
downy brake (promna Imati/Ellal and crested wheat-
grass. (Astronvren desertorum) to nitrogen and
phosphorus in nutrient solution. Weeds 11:170-174.
Erdman, J.A. and R.J. Ebens. 1979. Element content
of crested wheats:1ms grown on reclaimed coal spoils
and on soils nearby. J. Range Manage. 32:159-161.
Fairbourn, M.L. and F. Awe- 1982. Effect of annual
low-nitrogen fertilization of crested wheatgrass.
Soil Sci. 134:126-132.
Fontenot, J.P. 1979. Animal nutrition aspects of
grase tetany, p. 51-62. In: V.V. Rendig and D.L.
Grunes (eds.). Grass tetany. Amer. Soo. Agron.
Spec. Pub. 35. Madison, Wino.
Frisohknecht, N.C. 1963. Contrasting effects of big
sagebrush and rubber rebbitbrush on production of
crested wheatgrass. J. Range Manage. 16:70-74.
Frischkneoht, N.C. 1968a. Factors influencing
balogeton invasion of created wheatgrass rang:.
J. Range Manage. 21:8-12.
Frisobknocht, N.C. and A.T. Bleak. 1957.
sent of f the big sagebrush on seeded range in
northeastern Nevada. J. Range Manage. 10:165-170.
258
Frischkneoht, N.C. and L.E. Harris. 1968. Grazing
intensities and system on crested wheatgrass in
central Utah: response of vegetation and cattle.
U.S. Dep. Agr. Tech. Bull. 1388. 47 p.
Frischkoscht, N.C., L.E. Harris and H.E. Woodward.
1953. Cattle gains and vegetal changes as influenced
by grazing treatments on crested wheatgrass. J.
Range Manage. 6:151-158.
Gads, A.E. and F.D. Provenza. Nutrition of sheep
grazing crested wheatgrass versus crested wheat-
grass-shrub pastures during winter. J. Range Manage.
In Press.
Gesehe, R.H. and P.D. Walton. 1980. Forage preferences.
Alberta Agr. and For. Bull. 3:10-13.
Geashe, R.H. and P.D. Walton. 1981. Grazing animal
preferences for cultivated forages in Canada. J.
Range Manage. 34:42-45.
Gobena, A. 1984. Influence of sagebrush (Artemisia
=mtg.') invasion on crested wheatgraas production
and its detection by landsat imagery. MS Thesis.
Utah State Univ., Logan. 80 p.
Goering, H.E. and P.J. Van Soest. 1970. Forage fiber
analyses (apparatus, reagents, procedures, and some
applications). U.S. Dap. Agr. Handbook 379. 20 p.
Gomm, F.B. 1964. A oomparison of two sweetclover
strains and Ladak alfalfa alone and in mixtAires with
created wheatgrass for range and dryland seeding.
J. Range Manage. 17:19-23.
Graves, W.L., B.L. Kay, A.M. Gray, J.T. O'Rourke and
14 , Barek Pagouri. 1984. Long-term wheatgrass
adaptation trials in the cold semi-arLdltditarramerm-type
climates of California and North Africa. In Proc.
Second Int. Rangeland Congress, Adelaide,
Australia. In Press.
Gray, J.R. and H.W. Springfield. 1962. looromice of
lambing on crested wheatgrass in northcentral New
Mexico. New Mexico Agr. Exp. Sta. Bull. 461. 34 p.
Orunes, D.L. and H.F. Mayland. 1975. Controlling
grass tetany. U.S. Dep. Agr. Leaflet 561. 8 p.
Haferkamp, H.R., B.F. Miller and F.A. Sneva. 1984.
Mefluidide affects growth and forage quality of
crested whestgrass. Abstracts 37th Annual
Nesting Soc. Range Manage., Rapid City, S.D.
Soc. Range Manage., Denver, Colo.
Haglund, B.M. 1980. Praline and ',aline - cuss which
stimulate grasshopper herbivory during drought
stress? Nature 288:697-698.
Handl, W.F. and L.R. Rittenhouse. 1975. A comparison
of three methods of estimating digestibility for
determining intake of grazing cattle. J. Range
Manage. 28:414-416.
Hanna, N.B., C.C. Kozub and S. Smollak. 1977. Pride
production of sainfoin and alfalfa on dryland in
mixed-and alternate-row seedings with three grammes.
Can. J. Plant Sci. 57:61-70.
Hanson, V.R. and L.A. Stoddart. 1940. Effects of
grazing upon bunch whestgrasses. Agron. J. 32:276.289.
Harris, L.E., N.C. Friachknecht and R.J. Raleigh.
1958. Cattle gains and vegetation changes as
influenced by grazing treatments on created wheat-
grass Over a ten-year period. J. Anim. Sol.
17:1209 [abstract).
Harris, L.E., N.C. Frischknecht and E.M. Sudweeks.
1968. Seasonal grazing of created whaatgraas by
cattle. J. Range Manage. 21:221-225.
Bart, R.H., 0.M. Abdalla, D.H. Clark, M.B. Marshall,
N.H. Hasid, J.A. Hager and J.W. Waggoner, Jr.
1983a. Quality of forage and cattle diets on the
Wyoming High Plains. J. Range Manage. 36:46-51.
Hart, R.H., B.F. Balla and J.W. Waggoner Jr. 1983b.
Gains of steers and calves grazing crested wheat-
grass. J. Range Manage. 36:483-484.
Havatad, S.M., A.S. Mantis and J.C. Malechek. 1983.
The voluntary forage intake of heifers grazing a
diminishing supply of created whaatgrasa. J.
Anim. Sci. 56:259-263.
Heinrichs, D.H. 1959. The status of Russian wild
ryagrass. Forage Notes 5:36-37. (Herbage Abet.
30:101).
Heinrichs, D.H. and D.L. Bolton. 1950. Studies on
the competition of crested wheatgrasa with perennial
native species. Sol. Agr. 30:428-443. (now Can.
J. Agr. &A.)
Heinrichs, D.H. and N.B. Carson. 1956. Chemical
composition of nine grasses at six atages of
development. Can. J. Agr. Sci. 36:95-106.
Horton, L.E. and R.H. Waissert. 1970. Belationehip
of utilization intensity to plant vigor in a created
wheatgrass seeding. J. Range Manage. 23:298-300.
House, W.A. and H.F. Mayland. 1976. Magnesium
utilization is: wawa fed diets with varying ratios
of nitrogen to readily fermentable carbohydrate.
J. Anim. Sci. 43:842-849.
Houston, H.R. 1957. Renovation and fertilization
of crested wheatgrass stands in the Northern Great
Plains. J. Range Manage. 10:9-11.
Houston, N.B. and J. Urick. 1972. Improved spring
pastures, cow-calves production and stocking rate
carryover in the Northern Great Plains. MA Agr.
Res. Serv. Tech. Bull. 1451. 21 p.
Hubbard, W.A. 1949. Results of studies on created
wheatgrass. Sci. Agr. 29:385-395 (now Can. J. Agr.
Sal.)
Boffins, W.W., 0.B. Waller, V.G. Heller and C. Dewald.
1959. Production characteristics of Oklahoma
forages: chemical composition. Oklahoma
Sta. Misc. Pub. HP-58. 91 p.
Hull, A.C. Jr. 1948. Depth, season and row spacing
for planting grasses on southern Idaho rangaLue.
Agron. J. 40:960-969.
Hull, A.G. Jr. 1972. Growth characteristics of
created and Fairway wheatgrasaes in southern ?lobo.
J. Range Manage. 25:123-125.
259
Hull, A.C. Jr., D.F. Harvey, C.W. Doran and W.J.
McGinnies. 1958. Seeding Colorado range lands.
Colorado Agr. Exp. Sta. Bull. 498-S. 46 p.
Hull, A.C. Jr. and R.C. Holngren. 1964. Seeding
southern Idaho rangelands. USDA Forest Serv. Res.
Pap. INT-10. Intermountain Forest & Range Rasp. Sta.,
Ogden, Utah, 33 p.
Hull, A.G. Jr. and W.M. Johnson. 1955. Range wading
in the Ponderosa pine zone in Colorado. U.S. Dep.
Agr. Ciro. 953. 40 p.
HUll, A.C. Jr. and B.J. Clomp. 1966. Longevity of
crested wheatgraas in the sagebrush-grass type in
southern Idaho. J. Range Manage. 19:5-11.
Hull, A.C. Jr. and B.J. rump. 1974. Yield of orested
wbeatgrass under four densities of big sagebrush in
southern Idaho. USDA Agr. Res. Serv. Tech. Bull.
1483. 38 p.
Bull, A.C. Jr. and G. Stewart. 1948. Replacing afloat-
grass by reseeding with perennial grass on southern
Idaho range. Agron. J. 40:694-703.
Hyder, D.N. and P.A. Sneva. 1961. Fertilization on
sagebrush-bu nchgrass range--a progress report.
Oregon Agr. Exp. Sta. Mao. Paper 115. 36 p.
Ryder, D.N. and F.A. Sonya. 1963a. Morphological
and physiological factors affecting the grazing
management of crested wheatgrass. Crop Sol.
3:267-271.
Hyder, D.N. and F.A. Sneva. 1963b. Studies of six
wines seeded on mgebrwli-buncharasa range: yield,
palatability, carbohydrate accumulatiop, and
developmental morphology. Oregon Agr. Exp. Sta.
Tech. Bull. 71. 20 p.
Jackman, E.R., D.E. Richards and D.E. Stephens. 1936.
Crested wheatgrasa in eastern Oregon. Oregon Ext.
Bull. 494. 38 p.
Johnson, J.R. and O.E. Payne. 1968. Sagebrush
reinvasion as affected by some environmental
influences. J. Range Manage. 21:209-213.
Johnson, J.R. and J.T. Nichola. 1969. Crude protein
content of eleven grasses as affected by yearly
variation, Laguna association, and fertilisation.
Agron. J. 61:65-68.
Johnson, N.M. 1959. Grazing intensity trials on
seeded ranges in tie ponderosa pine zone of Colorado.
J. Range Manage. 12:1-7.
Junk, R.J.G. and H.H. Austanson. 1971. Variability
of grass quality as related to cultiver and location
in western Canada. Can. J. Plant Soi. 51:309-315.
Earn, J.F. and J.M. Krupinsky. 1983. Chemical
composition of intermediate wbeatgraae affected by
foliar diseases and stem rust. Phytopathology
73:1152-1155.
Kartchner, R.J. 1981. Effects of protein and energy
supplementation of cows grazing native winter range
forage on intake and digestibility. J. Anim. Soi.
51:432-458.
!Mahar, H.R. 1958. Fertilizer effects on bay
production of three cultivated grasses in southern
Saskatchewan. J. Range Manage. 11:231-234.
Kilcher, M.A. 1961. Row spacing affects yields of
forager crops in the brown soil zone of Saskatchewan.
Can. Dep. Agr. Pub. 1100. 11 p.
Kiloher, H.R. and D.B. Heinricha. 1958. The
performanoa of three grasses when grown alone, in
mixture with alfalfa, and in alternate rows with
alfalfa. Can. J. Plant Sai. 38:252-259.
Eimer, J.B. 1941. Climate and weather data for
the United States, p. 1202. In: G. Hambidge
(ed.). Cliaate and man-yearbook of agriculture.
U.S. Govt. Printing Office, Washington, D.C.
Clasen, K.H.N. and R.H. Stark. 1949. Grass and
grass seed production. Idaho Agr. Exp. Sta. Bull.
273. 48 p.
Knipfel, J.E. 1977. Nutritional adequacy of =Use
Altai wild ryegrasa and crested whaatgrasa, or of
alfalfa-wbeatatraw mixtures for the pregnant ewe.
Can. J. Loin. Sal. 57:405-410.
Knowles, R.P. and H.R. Kilcher. 1983. Crested wheat-
grass. Agriculture Canada Res. &lush. Saskatoon,
Sask. 18 p.
Konstantdnw, P.N. 1923. The geographical distribution
of Agraurma,rlatatag and A....slaaArtnrun and the
environment to which it is adapted. New Land,
Hoactow. 68 p. (Translated from Russian to English
by T.K. Pavlycheolco, Dominion Forage Crop Laboratory,
Saskatoon, Saskatchewan, Canada.)
Kubota, J. and N.H. Allaway. 1972. Geographic
distribution of trace element problems, p. 525-
554. In: Micronutrients in agriculture. Soil
Sci. Soc. Amer., Madison, Wisc.
Kubota, J., E.A. Maphan and G.H. Obarly. 1982.
Fluoride in thermal spring water and in plants of
lhnmda and its relationship to fluorosis in animals.
J. Range Manage. 35:188-192.
Lamb, J.F.8., K.P. Vogel and P.E. Reece. 1984.
Genotype and genotype x environment interaction
effects on forage yield and quality of crested
wheatgrasses. Crop Sol. 24:559-564.
Lambert, T.L. and C. Blincoe. 1971. High concen-
trations of cobalt in wheat grasses. J. Sal. Food
Agr. 22:8-9.
Lang, R. and L. Landers. 1960. Beef production and
grazing capacity from a combination of seeded
pastures versus native range. Wyoming Agr. Exp.
Sta. Bull. 370. 12 p.
Lang, R. and L.R. Landers. 1968. Nitrogen fertil-
ization of crested wbeatgrass in northeastern
Wyoming. Wyoming Iv. Rap. Sta. Ras. J. 21. 20
P .
Lavin, F. and H.W. Springfield. 1955. Seeding in
the southwestern pine zone for forage improvement
and soil protection. U.S. Dep. Agr. Handbook 98.
52 p.
260
Lawrence, I. 1978. An evaluation of thirty grass
populations as forage crops for soutbusstern
Saskatchewan. Can. J. Plant Sol. 58:107-115.
Lawrence, T. and J.E. rnipfel. 1981. !laid and
digestibility of crested wheatgrass and Rueaien and
Altai wild ryegraaaes as influenced by N fertiliz-
ation and date of first cutting. Can. J. Plant Sol.
61:60-618.
Ls/franca, T., G.E. Winkleman and F.G. Warder. 1981.
Nitrate accumulation in Altai wild minims, Russian
wild ryegrasa and crested wheatgrass. Can. J. Plant
Sci. 61:735-740.
Leyshon, A.J., M.R. !filcher and J.D. MoElgunn. 1981.
Seeding rates and row spacings for three forage
crops grown alone or in alternate grass-alfalfa rows
in southweetsrn Saskatobswan. Can. J. Plant Soi.
61:711-717.
Lodge, R.W. 1960. Effects of burning, cultivating
and mowing on the yield and consumption of (masted
wheatgrass. J. Rang* Manage. 13:318-321.
Lodge, R.W. 1963. Complementary grazing systems for
Sandhills of the northern Great Plains. J. Rang*
Manage. 16:240..244.
Looman, J. and D.H. Heinriohs. 1973. Stability of
*rested wheatgrass pastures under long-term mature
us*. Can. J. Plant Sci. 53:501-506.
Lorenz, R.J. and G.A. !ogler. 1962. A comparison of
eethods of renovating old stands of created wheat-
grass. J. Range Manage. 15:215-219.
Love, L.D. and H.C. Hanson. 1932. Life history and
habits of crested wbeatgreen. J. Agr. Iles. 45:371-383.
Lutwiok, L.S. and A.D. Smith. 1977. Yield and
composition of alfalfa and created wbeatgrese, grown
singly and in mixture, as affected by H and P fer-
tilizers. Can. J. Plant Sci. 57:1077 -1083.
McCormick, P.W. and J.P. Workman. 1975. Early range
readiness with nitrogen fertilizer: an economic
analysis. J. Range Manage. 28:161-184.
McGinnis*, W.J. 1968. Effects of nitrogen fertilizer
on an old stand of crested wbeatgrass. Agron. J.
60:560-562.
MoGinnies, W.J. 1970. Effects of seeding rate and
row spacing on establishment and yield of crested
wboatgrasa. Agron. J. 62:417-421.
McGinniea, N.J. 1971. Influence of row spacing on
crested wheatgrass stied production. J. Range Manage.
24:387-389.
MoGinnias, V.J. and C.E. Townsend. 1983. Yield of
three range grasses grown alone and in mixtures with
legumes. J. Range Manage. 36:399-401.
McWilliams, J.L. and P.S. Van Cleave. 1960. A
comparison of crested wheatgrage and native grass
mixtures sanded on rangeland in eastern Montana.
J. Rang* Manage. 13:91-94.
Madsen, F.C., D.E. Lentz, J.r. Miller, D. Lowrey-
Harnden and S.L. Hansard. 1976. Dietary carbo-
hydrate effects upon magnesium metabolism in sheep.
J. Inim. Soi. 42:1316-1322.
Mahler, R.L. 1984. The influence of Mount St.
Helen's volcanic ash on alfalfa growth and nutrient
uptake. Commun. Soil Soi. Plant Anal. 15:449-460.
Mayland, H.F. 1983. Assessing nutrient cycling in
the soil/plant/animal system of semi-arid pasture
lends, p. 109-117. In: Nuclear techniques in
improving pasture management. Int. Atomic Energy
Agency, Vienna.
Mayland, H.F. and D.L. Grunes. 1974a. Magnesium
concentration in Adtroovron dasertorum fertilized
with Mg and N. Agron. J. 66:79-82.
?Wand, S.F. and D.L. Grunes. 1974b. Shads- induced
grass-tetany-prone chemical changes in lama=
Annartneum and Zammussajaaragn. J. Range Manage.
27:198-201.
Wayland, H.F. and D.L. Grunse. 1979. Soil-olimAte-plant
relationships in the etiology of grass tetany, p.
123-175. In: V.V. Rendig and D.L. Grunes (eds.).
Grass tetany. Amer. Soo. Agron. Speo. Pub. 35.
Madison, Viso.
Mayland, 0.F., D.L. Grunes and D.M. Stuart. 1974c.
Chemical composition of Aaronvron desertorum an
related to grass tetany. Agron. J. 66:441-446.
Mavland, ELF., D.L. Grime, H.O. Waggoner, A. Florence,
D.A. Hewes and P.K. Joo. 1975. Nitrogen effects
on created wheatgrass as related to forage quality
indices of grass tetany. Agron. J. 67:411-414.
Mayland, H.F., L.P. Molloy and T.W. Collie. 1976.
Higher fatty acid composition of immature forages
as affected by N fertilization. Agron. J. 68:979-982.
Mayland, H.F., O.E. Shewmaker and R.C. Bull. 1977.
Soil ingestion by cattle grazing crested wheat-
grass. J. Range Manage. 30:264-265.
Mayland, H.F. and F.A. Sneva. 1983. Effect of soil
oontamination on the mineral composition of forage
fertilized with nitrogen. J. Range Manage.
36:286-288.
Milohunas, D.G., W.E. Laurenroth and J.L. Dodd.
1983. The interaction of atmospheric and soil
sulfur on the sulfur and selenium concentration of
range plants. Plant and Soil 72:117-125.
Miller, R.V. 1960. Effects of nitrogen fertiliza-
tion on Nordan created wheatgraaa. PhD Dina.
Colorado State Univ., Fort Collins. 97 p.
Miller, B.F., H.R. Haferkamp and R.F. Angell. 1964.
Defoliation and growth of crested wheatgrass. I.
Defoliation effects on forage growth, p. 12-17.
In: Research in beef cattle nutrition and manage-
sent. Oregon Agr. Exp. Sta. Spec. Rep. 714.
Murphy, R.P. 1942. Methods of breeding crested
wheatgrass Agronvron pristatum (L.) Beam?. J.
Amer. Soo. Agron. 34:553-565. (now Agron. J.).
261
Murray, R.B. 1984. Yields, nutrient quality, and
palatability to sheep of fourteen grans accessions
for potential use on sagebrush-grass range in
southeastern Idaho. J. Range Manage. 37:343-348.
Murray, R.B., H.F. Mayland and P.J. Van Soeet. 1978.
Growth and nutritional value to cattle of grasses
on cheatgrass range in southern Idaho. DMA Forest
Serv. Res. Pap. INT-199. Intermountain Forest A
Range Exp. Sta., Ogden, Utah. 57 P.
Murray, R.B., S.F. Mayland and F.J. Van Smelt. 1979.
Seasonal changes in nutritional quality of Ammo'
amsnlmugommured with six other semi-arid grasses,
p. 538-549. In: J.R. Goodin and D.K. Worthington
(eds.). Arid land plant resources. Int. Center
Arid and Semiarid Land Studies, Texas Tech. Univ.,
Lubbock.
Nielson, R.F. and H.B. Peterson. 1973. Establishing
vegetation on mine tailings waste, p. 103-115.
In: R.J. Hutnik and G. Davis (eds.). Ecology and
reclamation of devastated land. Vol. 2. Gordon
and Breach, New York.
Wyrel, P.E., V.C. Whitman, J.L. Nelson and T.J. Conlon.
1983. Evaluation of a fertilized 3-pasture notes
grazed by yearling steers. J. Rwsplftwmam. 36:354-358.
Otayina, R., C.M. McKell and G. van Eppe. 1982. Use
of range shrubs to meet nutrient requirements of
sheep grazing on crested wheatgraaa during tall and
early winter. J. Range Manage. 35:751-753.
Park, I.W., M.J. Anderson, K.H. Assay and A.W. Mahoney.
1983. Predicting soluble nitrogen and fibrous
trials:as in crested wtaatgress with ramr-infrared-refleotance
spoctroscopy. J. Range Manage. 36:529-533.
Patterson, J.K. and V.E. Youngman. 1960. Can fer-
tilizers effectively increase our range land
production? J. Range Manage. 13:255-257.
Patton, A.R. and L. Gieseker. 1942. Seasonal changes
in lignin and cellulose content of some Montana
grasses. J. Amin. Sol. 1:22-26.
Pav/yobenko, T.K. 1942. The place of crested wheat-
grass, Asroovrog orlmta/gm L., in controlling
perennial weeds. Sol.. Agr. 22:459-460. (now Can.
J. Agr. Sal.)
Piemeisel, R.L., P.R. Lawson and E. Caraner. 1951.
Weeds, insects, plant diseases, and dust storms.
Sol. Monthly 73:124-128.
Power, J.F. 1970. Nitrogen management of semiarid
grasslands in North America, p. 468-471. In:
Proc. 11th Int. Grassland Congress, Surfer's
Paradise, Australia.
Power, J.F. 1980a. Response of semiarid grassland
sites to nitrogen fertilization. I. Plant growth
and water use. Soil. Sol. Soc. Amer. J. 44:545-
550.
Power, J.F. 1980b. Response of semiarid grassland
sites to nitrogen fertilization: II. Fertilizer
recovery. Soil Sci. Soo. Amer. J. 44:550-555.
Power, J.F. and J. Alessi. 1970. Meets of nitro-
gen source and phosphorus on crested wheatgrass
growth and water use. J. Range Manage. 23:175-178.
Power, J.F. and J.0. Lou. 1984. Nitrogen-15 recovery
for five years after applicsition of ammonium nitrate
to crested wheatgrass. Soil So/. Soc. Amer. J.
48:322-326.
Prior, R.L., D.L. Grunes, R.F. Patterson, F.W. Smith,
H.F. Mayland and W.J. Flank. 1973. Partition
column chromatography for quantitating effects of
fertilization on plant acids. J. Agr. Food Ches.
21:73-77.
Raleigh, R.J. 1970. Symposium on pasture methods
for maximum production in beef cattle: manipula-
tion of both livestock and forage management to
give optimum production. J. Ulm. Sci. 30:108-114.
Rauzi, F. 1968. Pitting and interseeding native
shortgrans rangeland. Wyoming Agr. Exp. Ste. AM
J. 17:1-9.
Rauzi, F. 1975. Seasonal yield and chemical
composition of crested wheatgrass in southeastern
Wyoming. J. Range Manage. 28:219-221.
Rauzi, F. and L. Landers. 1979. Forage production
from along Interstate 90 in northeastern Wyoming.
U.S. Dep. Agr. Cons. Res. Rep. 24. 10 p.
Rauzi, F. and L. Landers. 1982. Level benches for
forage production in the Northern Plains. J.
Range Manage. 35:166-171.
Rauzi, F., L. Landers and A. Herold. 1971. Reno-
vating crested wheatgrass stands. Wyoming Agr.
Rap. Sta. Res. J. 52. 8 p.
Read, D.W.L. and 0.E. Winkleman. 1982. Residual
effects of nitrogen and phosphorus fertilizer on
crested wheatgrass under semiarid conditions. Can.
J. Plant Sol. 62:415-425.
Reitz, L.P., M. A. Bell and H.E. Tower. 1936.
Crested wheatgrass in Montana: comparisons with
slender wheatgrass and brcaegrass. Montana Agr.
Exp. Sta. Bull. 323. 53 P.
Reynolds, H.G. and H.W. Springfield. 1953. Reseeding
southwestern range lands with crested wheatgrass.
U.S. Dep. Agr. Farmers Bull. 2056.
Richards, J.H. 1984. Root growth response to
defoliation in two Amoy= bunohgrassea: field
observations with an improved root periscope.
Oncologist (Berlin) 64:21-15.
Richardson, L.R., R.H. Abernethy and G.P. %Matisse.
1980. Crested wheatgrass and miscellaneous grass
variety teats in Wyoming. Wyoming Agr. Exp. Sta.
Res. J. 150.2. 15 P.
Rittenhouse, L.R. and F.A. Sawa. 1976. ExpresaUg
the competitive relationship between Wyoming big
sagebrush and crested wheatgrass. J. Rang* Mamie.
29:326-327.
Roberts, D.L. 1977. Economical of carry-over forage
production, increased grazing season length, and
increased livestock production from rangeland fer-
tilization. MS Thesis. Utah State Univ., Logan.
77 P.
262
Robertson, J.H. 1947. Response of range grasses to
different intensities of competition with sagebrush
(AryAmisie tridentatg Hutt.). Ecology 28:1-16.
Robertson, J.5. 1969. field of crested wbeatgrass
following release from sagebrush competition by
2,4-D. J. Range Manage. 22:287-288.
Robertson, J.H. 1972. Competition between big sagebrush
and crested wheatgrass. J. Range Manage. 25:156-157.
Robertson, J.H., K.R. McAdams, D.L. Neal and P.T.
Tueller. 1970a. Spring grazing of crested wheat-
areas in Nevada - A case history. Nevada Agr. Exp.
Sta. Pub. 1323. 22 p.
Robertson, J.H., D.L. Neal, L.R. McAdams and P.T.
Tueller. 1970b. Changes in crested wheatgrass
ranges under different grazing treatments. J. Mum'
Manage. 23:27-34.
Hagler, G.A. and R.J. 1.014MM. 1969. Pasture produotivity
of created wheatgrass as influenced by nitrogen fer-
tilization and alfalfa. USDA Agr. Res. Serv. Teob.
Bull. 1402. 33 p.
Rogler, G.A. and R.J. Lorenz. 1983. Crested wheat-
grass - early history in the United States. J.
Range Manage. 36:91-93.
Russell, J.B. and P.J. Van Scoot. 1984. In vitro
ruminal termination of organic acids common in
forage. 4. Applied &Environ. Microbiology 47:155-159.
Sarvia, J.T. 1941. Grazing investigations on the
northern Great Plains. North Dakota Agr. Esp. Sta.
Bull. 308. 110 p.
Schaff, H.S., G.A. Rogler and R.J. Lorenz. 1962.
Importance of variation in forage yield, seed yield
and seed weight to the improvement of crested wheat-
grass. Crop Sol. 2:67-71.
Soblatterer, E.F. 1974. A partial literature review
on the use of fertilizers to increase production on
rangelands. USDA Forest Serv. Range Improve. Note
19. Intermountain Reg., Ogden, Utah. 13 P .
Schultz, R.D. and J. Stubbendieok. 1982. Herbage
yield of fertilized cool-season grass-legume mix-
tures in western Nebraska. J. Range Manage.
35:473-476.
Schultz, R.D. and J. Stubbendieck. 1983. Herbage
quality of fertilized cool-season grass-legume mix-
tures in western Nebraska. J. Range Malm0636:571-575.
Schuman, 0.E., F. Rauzi and D.T. Booth. 1982.
Production and competition of crested wheatgrass-native
grass mixtures. Agron. J. 74:23-26.
Seamands, W.J. and R. Lang. 1960. Nitrogen fertil-
ization of crested wheatgrass in southeastern Wyoming.
Wyoming Agr. Exp. Sta. Bull. 364. 16 p.
Segura, M. 1962. Effect of nitrogen and phosphorus
fertilization on the growth characteristics of
crested wheat:vase. MS Thesis. Colorado State Univ.,
Fort Collins. 79 p.
Severson, R.C. and L.P. Gough. 1976. Concentration
and distribution of elements in plants and soils
near phosphate processing factories, Pocatello,
Idaho. J. Rnviron. Qual. 5:476-482.
Sharp, L. 1970. Suggested management programs for
grazing crested wheatgrase. Idaho Forest, Wild-
life A Range Exp. Sta. Bull. 4. 19 p.
Sins, P.L. 1969. The effect of stand density on
characteristics of wheatgraases. Ph.D. Dias. Utah
State Univ., Logan. Dims. Abstr. 1969, 29:12,
44828.
Sims, P.L. and C.W. Cook. 1970. Herbage digest-
ibility as influenced by community density. J.
Anim. Sof. 31:1228-1231.
Seim, D.E., N.J. fleas and G.A. Rogler. 1960. Yield,
quality and fertilizer recovery of crested wheat-
grass, bromegress and Russian wildrye as influenced
by fertilization. J. Range Manage. 13:243-246.
Smika, 13.14, H.J. Hems and O.A. Rogler. 1963. Native
grass and crested wheatgrase production as influenoed
by fertilizer placement and weed control. J. Reap
Manage. 16:5-8.
Smoliak, S. 1968. Grazing studies on native range,
orested wheatgress, and Russian wildrye pastures.
J. Range Manage. 21:47-50.
Smoliak, S. and L.M. Beseau. 1967. Chemical
composition and la /Um digestibility of range
forage plants of the Stipa-Boutelom Prairie. Can.
J. Plant Sci. 47:161-167.
Smoliak, S. and M. Bjorge. 1981. Hay and pasture
crops, p. 7-48. In: Alberta forage manual.
Alberta Agr. Agdex 120 20-4. Edmonton, Alberta.
Smoliak, S., A. Johnston and R.W. Lodge. 1981a.
Management of crested wheatgrass pastures. Agr.
Can. Publ. 1473. 19 p.
Smoliak, S., H. Biorge, D. Penney, A.M. Harter and
J.S. Horricka. 1981b. Alberta forage manual.
Alberta Agr. Agdex 120/20-4. Edmonton, Alberta.
87 P.
Smoliak, S., A. Johnston and L.B. Lutwick. 1967.
Productivity and durability of crested wheatgrase
in southeastern Alberta. Can. J. Plant Sol..
47:539-548.
Saoliak, S. and S.B. Slen. 1974. Beef production
on native range, crested wheatgraas, and Russian
wildrye pastures. 4. Range Manage. 27:433-436.
Sneva, F.A. 1967. Chemical curing of range greases
with paraquat. J. Range Manage. 20:389-394.
Sneva, F.A. 1973a. Crested wheatgrass response to
nitrogen and clipping. 4. Range Manage. 26:47-50.
Sneva, F.A. 1973b. Wheatgrass response to seasonal
applications of two nitrogen sources. J. Range
Manage. 26:137-139.
Suave, F.A. 1973o. Nitrogen and paraquat saves
range forage for fall grazing. J. Range Manage.
26:294-295.
263
Sneva, F.A. 1977. Correlations of precipitation and
temperature with spring, regraith, and mature created
wheetgraas yields. J. Range Manage. 30:270-275.
Sneva, P.A. 1978. Nitrogen and sulfur impacts on
the cold desert biome, p. 678-680. In; D. N.
Hyder (ed.). Proc. First Int. Rangeland
Congress. Soc. Range Manage. Denver, Colo.
Sneva, P.A. 1983. Nitrogen yield in reproductive
organs of created wheatgrass. Northwest Soi.
57:224-228.
Sneva, F.A. and C.M. Britton. 1983. Adjusting and
forecasting herbage yields in the Interommtain big
sagebrush region of the steppe provinoe. Oregon
Agr. Exp. Sta. Bull. 659. 61 p.
Sneva, F.A., C.M. Britton, B.F. Mayland, J. Buckman,
R.I. Evans, J.A. Young and N. Vavra. 1982. Mt.
St. Helen', Ash: considerations of its fallout on
rangelands. Oregon Agr. Exp. Sta. Spec. Rep. 650.
27 p.
Sneva, L.A. and D.N. Ryder. 1961. Estimating herbage
production on semiarid range@ of the Intermountain
region. J. Range Manage. 15:88-93.
Sneva, P.A. and D.N. Ryder. 1962. Forecasting:4mo
herbage production in eastern Oregon. Oregon Agr.
Rep. Sta. Bull. 588. 11 p.
Snore, L.A., D.M. Ryder and C.S. Cooper. 1958. The
influence of ammonium nitrate on the growth and
yield of crested wheatgrass on the Oregon high
desert. Agron. J. 50:40-44.
F.A., R.J. Raleigh and H.A. Turner. 1973.
Paraquat-cured herbage for late season grazimg. J.
Anim. Sol. 36:107-113.
Sneva, F.A. and L.R. Rittenhouse. 1976. Crested
wheat production: 	 impacts on fertility, row spacing,
and stand age.	 Oregon Agr. Exp. Sta. Tech. Bull.
135. 26 p.
Sosulaki, F.W., J.X. Patterson and A.G. Law. 1960.
The lignin content of grass strains. Agron. J.
52:130-134.
Sotalm" J. 1940. The chemical composition and apparent
digestibility of nutrients in °rested wheatgrass
harvested in three stages of maturity. J. Av. Bee.
61:303-311.
Springfield, H.W. 1960. Shrub use by sheep oa emitted
range. USDA Forest Serv. Rea. Note 49. Rooky Mom-
tain Forest & Range Exp. Sta., Fort Collins, Colo.
Springfield, H.R. 1963. Cattle gains and plant
responses from spring grazing on crested wheatgrams
in New Mexico.	 USDA Forest Serv. Res. Prod. Rea.
Rep. 74. 46 p.
Springfield, B.W. 1965. Rata and spacing in seeding
created wheatgrass in New Mexico. USDA Forest Sere.
Res. Note RM-42. Rocky Mountain For. A Range Exp.
Sta., Fort Collins, Colo. 8 p.
Springfield, B.W. and E.H. Reid. 1967. Crested wheat-
grass for spring grazing in northern New Mexico.
J. Range Manage. 20:406-408.
Springfield, H.W. and H.G. Reynolds. 1951. Griming
premiums of cattle for certain reseeding grasses.
J. Range Manage. 4:83-87.
Stanley, M.A., G.E. Schuman, F. Read and L.I. Painter.
1982. Quality and element content of forages grown
on three reclaimed mine sites in Wypaing and Montana.
Realm. Reveg. Rea. 1:311-326.
Stauber, H.S., O. Burt and B. Roulton. 1974.
Roo:mains of crested wheatgrass fertilization at
Havre, Montana, p. 55-66. In: Proc. Range
Fertilization Symposium. Havre, Montana.
Stitt, R.E. 1958. Factors affecting yield and
quality of dryland grasses. Agron. J. 50:136-138.
Stitt, I.E., J.C. Ride and H. Frahm. 1955. The
response of crested wheatgrass and volunteer
aweetclover to nitrogen and phosphorus under dryland
conditions. Agron. J. 47:568-572.
Stoszek, N.J., J.E. 0/dfield, G.E. Carter and P.M.
Wends. 1979. Effect of tall fescue and quack:plum
on copper metabolism and weight gains of beef
cattle. J. *aim. So/. 48:893-899.
Stout, P.R., J. Brownell and R.O. Buren. 1967.
Occurrence ofdaoonitate in range forage
species. Agron. J. 59:21-24.
Stuart, D.M., B.F. Mayland and D.L. Grunes. 1973.
Seasonal changes in trans-aconitate and mineral
composition of crested wheatgrasa in relation to
grass tetany. J. Range Manage. 26:113-116.
Thill, J.L. and J.R. George. 1975. Cation concen-
trations and I to Ca+ Mg ratio of nine cool-season
grasses and iaplicatione with hypomagnesesia.
Agron. J. 67:89-91.
Thomas, J.R., H.R. Casper and W. Bever. 1964.
Effects of fertilizers on the growth of grass and
its use by deer in the Black Hills of South Dakota.
Agron. J. 56:223-226.
Tomas, J. and I. Oembrug. 1964. Interrelationships
of nitrogen, phosphorus, and aeamxma precipitation
in the production of bromegrass-created wheatgrass
hay. USDA Agr. Res. Serv. Prod. Res. Rep. 82. 27
P.
Troelsen, J.E. 1971. Consumption of digestible
energy by sheep as predicted from the conomtration
orlisikadigsetible energy, cell-mill constituents,
and crude fiber in coarse roughage. Can. J. Apia.
Sei. 51:433-438.
D. S. Department of Commerce. 1965. World weather
records 1951-60. Vol. 1. Rath Madan. Washington,
D.C.
U.S. Salinity Laboratory Staff. 1954. Diagnosis
and improvement of saline and alkali soils. U.S.
Dep. Agr. Handbook 60. Washington, D.C. 160 p.
Van Swat, P.J. 1966. Non-nutritive residues: a
aystea of analysis for the replacement of crude
fiber. J. Assoc. Offic. Agr. Chen. 49:546-551.
264
previouslyItly.trialA =oda
Vogel, X.P., P.C. Reece and J.F.S. Lamb. 1984.
Evaluation of created wheatgraas introduction for
forage yield and quality. Nebraska Agr. Exp. Sta.
Res. Bull. 304. 13 p.
Wallace, J.D., P. Hubbert Jr. and H.J. Raleigh.
1963. The response of yearling cattle on created
wheatgraas pasture to energy and sodium supple-
mentation. J. Range Manage. 16:1-5.
%Wm, W.E. and J.V. Tea/1111 Jr. 1956. The nutritive
value of various grasses and gram- les= mixtures.
J. Anis. Sol. 15:153-162.
Williams, R.M., R.T. Clark and A.R. Patton. 1942.
Wintering steers on crested wheatgraas. Montana
Agr. Exp. Sta. Bull. 407. 18 p.
William, R.N. and A.H. Poet. 1941. Dry-land pasture
experiments at the Judith Basin Branoh Station.
Montana Agr. Exp. Sta. Bull. 388. 25 p.
Willies, W., 1. McLean and C. Kalnin. 1980. Nutri-
tive characteristics of grasses on spring range in
south central British Columbia in relation to ties,
habitat and fall grazing. Can. J. Plant Sal.
60:131-137.
Westermann, D.T. and C. W. Robbins. 1974. mrnmt of
SO4-S fertilization on Se concentration of alfalfa
(Hsti2Agg Attila L.). Agron. J. 66:207-208.
Windle, L.C., N.C. McKay and N.B.
Grass seed production on southern




Westover, H.L. 1934. Created wheatgraas. U.S. Dep.
Agr. Leaf. 104. 8 p.
Westover, H.L. and G.A. Rogler. 1947. Created wheat-
grass. U.S. Dep. Agr. Leaf. 104. (rev.). 8 p.
Westover, H.L., J.T. Sarvis, L.M. Mecum, G.W. MmIpn,
J.C. Thyaell and M.A. Bell. 1932. Created wheat-
green as compared with bremegrass, slender wheat-
graas, and other hay and pasture crop@ for the
northern Great Plains. U.S. Dep. Agr. Tech. Bull.
307. 35 P.
White, L.M. 1984. Foxtail barley heading, yield,
and quality as influenced by growth regulators and
a desiccant. Agron. J. 76:27-30.
White, L.M. and J. R. Wight. 1981. Seasonal dry
'attar yield and digestibility of seven grass species,
alfalfa, and nicer ailkvetch in aaatern Montana.
Agron. J. 73:457-462.
White, L.M. and J.R. Wight. 1984. Forage yield and
quality of dryland grasses and legumes. J. Range
Manage. 37:233-236.
Whitman, W.C., L. Langford, R.J. Douglas and T.J.
Conks]. 1963. Crsaltmiwboa4rass and crested wheat-
grass-alfalfa pastures for early-season grazing.
North Dakota Agr. Exp. Sta. Bull. 442. 24 p.
Woolfolk, E.J. 1951. Created wheatgraas grazing
values. USDA Forest Service Northern Rocky Moun-
tain Foritat S Range Exp. Sta. Res. Note. 10 p.
Wurster,	 L.D. Kamatra and J.G. Rosa. 1971a.
Evaluation of cool season grass species and varieties
using lax= and is mum techniques. Agron. J.
63:241-245.
Wurster, M.J., J.G. Rona, L.D. Kamatra and S.S.
Bullis. 1971b. Effect of droughty soil on
digestibility criteria in three cool season forego
grasses. Proc. South Dakota dead. Sot. 50:90-94.
APPENDIX
ado s-	 .	 •	 -	 ;111
eater saes
Beardless
	 XiytrIela sploata (Pursh)
wheatgraas
	 R. D. Dewey, previously Asroovraa
lamas (Scribe and Smith) Rydb.
Blush:nob
wbeatgrass A. A2=Lta-
Wight, J.R. 1576. Range fertilization in the Northern
Great Plains. J. Range Manage. 29:180-181.
Wight, J.R., C.C. Gee and R.J. Kartchner. 1983.
Integrated rangeland and cropland management, p.
435-459. La: Dryland Agriculture-Agronomy Mono-
graph 23. Amer. Soc. Agronomy. Madison, Wisc.
Wilkinson, S.R. and J.A. Stuedemann. 1979. Tetany
hazard of grass as affected by fertilization with
nitrogen, potassium, or poultry litter and methods
of grass tetany prevention, p. 93-121. In: V.V.
Rendig and D.L. Granes (eds.) Grass tetany.
Amer. Soc. Agroa. Spec. Pub. 35. Madison, Wisc.
Williams, C.T., M.G. Byers and H.W. Lakin. 1941.
Selenium occurrence in certain soils in the United
States, with a discussion of related topics: fifth
report. U.S. Dap. Agr. Tech. Bull. 758. 69 P.
Williams, R.J., C. Broerama and A.L. Vanityawyk. 1979.
The effects of nitrogen fertilization on water use
by crested wheatgraas. J. Range Manage. 32:98-100.
AEKDACKSUlillanCINCUm (Finch. ex
Link) Schult. i. oristatum (L.)
Gaertn.
nytriffiaijairailtii (Bost)
Nevaki, previously A. jatignalaui
(Host) Beauv.
rlytri244 ipte • sedla subap.
barbulato (Schur) A. Lfte,
previously A. tarjaggarjaa (Link)
Richt.
Flytrie4a mons (L.) Nevski,
previously A. CARIOA• (L.) Beauv.
Ingjas. (Roth) Candargy,
previously A. albiricua (Willd.)
Beauv.
=VIM If121112Xlillil (Link) Gould
ex Shinners subsp. trachycaulus,























































Zama& "nrAP latril, Prev iously A.
=alum Soribn. and Smith.
filytrlit& oontiea (Podp.) Holub,
previously g. A lsrwatha (Host)
Beeuv.
i111112 laaasalatua (Scribn. and Smith)
Gould, previously A. daavatanhvsm
(Hook.) Soribn.
 i (Rydb.) A. Lbw.,
previously A. eaithit Rydb.
athsc gm=
Luna mud. 	 (Trio.) Pilger,
previously mama .aagysja Trin.




































































lima salt& Engelm., also
g. samaigulla; imaigtaraa














gsratallea Limit& (Pursh, Howell).
bra
Alfalfa	 ti&UXJUDLIMakin L.
441XJWIQ BM= Pers. "Drylandee








In:	 Johnson, K. L. (ed.). 1986. Crestad wheatgrass; its values, problems
and myths; symposium proceedings. Utah State Univ., Logan.
266
